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(XEZHfHEREFREZT—-ANETCHEREALEYT, RERE—ZFET

Ho f 27, fhof 'sh—xr—RL b HF A Ti.)

iER: (BF)

%—%, iEkhg BT H, T hmfh f 1, ZAMRAE, BAHARET

B, PABNg = hef, Mfh f~1sk% hhg, miXAhy, = f"thef, & T H 8,

%=%, BT HHFR G hg, thef 1 5hgf L RE. A WRER, B AL



Rfhaf ™ Hthpf 40 F, Mhe hgAa B, HEEF .
(FE2

T FREIE, AR LA F,

B9, bk AR RE, XLATHE, A KB, A EEH. RMNLGLTEBR
ALBFRN TR, WAKECATR LR RE TR,
AFERA—A, REFFHOREALEZATETXANTE? n, it
AFE A atn-a=n RY, BT EEHE, PrALFRLTH.
SFR L, PP Abel B89 FRA AL L T8 . BAFMLE AR— X%,
AR EALEAREIANTETY,

ATFARETHH, TH—AMEEZO
RE16 REFTHNEREELERERZ TSN,

JEBR
R R 232 1.5, #6952 fHf'=H, AR« fH=Hf (J£%).

A EN T AR TR, BNAERLEEGIE, ARALLRERLERE,
HEREERTAT . BT L@fMER, REFHOGEELASSI—ANEmE
BT, AR (ETHY) FRREFALEGRR, LAFZANBETH
AFo

TGO R AR? HAHRZGHIRE T, H, THG 5 A G={goH.
giH. g Hy -} IHMNEAX—RINREFY, RgHEgHXAAELF T
#giho Hgjhptn &, 4 RAXME: LgHEgHA R RgHM, & /& FgHbgHs
0% — A&, SgiH. gHE + —ARgoH, %8B FgiHhgHy 495 —4; giH
LgiHARZgoHut, /& FgoHo
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XPEAAFNRAR, F—HHFALEZIE—T,
E: (RIE)
gihagihg = gigjg; "hagihy = gigjhwhg, & AdegigH XA EietkgHo
RAkgH =giH, TANLFHgghahg =gh,, #mg = hyhﬁlh&rlo Ao HZ
8, g T H, A Chg AT HFET.
A2, 40 RgH =gH, #AAgghghs = gihaghs = gihy. X489 E, A
gihagjhgg'g; = gjh,, #mgih.hg g = gih,, #mgihshg = ghygi'=h,,, #m
gBHTHT, AHFELECRTE.

(FE2)

ARG S, AR L@ G A E G R, RNTRAEL—AMAETRETF
BE 69 T A o
X111 FE: BEGARETEH, & HHEG H4{goH. g H. gH.
gH. -}, BRAFEANREFR— NN LE, ST HBENSREFAERRFE S

—REFTHAE, RXHFHHAERE, B

REE > HiE
gOH fo
ng f1
g:H f,
giH f;
FeEHM AF L £ A
gih.g;hg = gih, fif; = fy

KRB B s s fis ), RAGKEREFHHGHAE, itH G/H,



HaT, REARENEE L RN AL, BROFGLEH. £FFT60
1%, BN BERAT T2 F S EMIFIER LA BRI, X ZH AR TAL L
BB, BLARBF M AFAE GG — NI A9 F o RN T AL B S RAF AL, UK
BT ARG AR R T — AR LM

R TR LS, BALRBE— M) F kA LR
#110. Ds B, BeyuE2{e. dv £ a. by o}, REERLT@EG L1, H8h%kE

A, ARCHDEEIL AEMR, {fAR—K. ¥ D:s#HMmT, a ' =a,
bl=b. cl=c. dt=1f fl=d,

sta, AR XL EAH:d tad=fad =fb =c.f laf =daf =dc = b.a taa =
a. b lab=bab=bd=c. clac=cac=cf=b.. A, at¥yRELEA
by co EAHHARE 2, LI R—/IK.

R, dBRELFAL, EMNNALS, BR—AE D3BEH=A K.
Z &AM, €8 FRA {efy Gy {es aj {es b}y {e. ¢} {ev ds ),
xF, AETFTHA{el G {en dv ff, RARE—ANEFH, A Ho A
W H, TG 4@ H. aHy, #stg H 2t fo, aH & fi, 78 G/H, #

A —Ag {fo. i} 2R 89 =P8 3R B

14 R# 5 R A

BlRAT A, RAVHFAIA A A S 09 EM., BEEEZN, LALMXFR, X
TRV EM L RS, HLAIHLZXA
RX112 ZRFHGRHF L, AE——ReHRKO, LIRS EYHRE
HORFEAAETE, LRZHLGC THALERRYGBS, FTHGTHA

AE A R, WHRH G 5HF R, U G=F. BREOHKA FHvebt.

18



%) A4y B A 69 4F R =

H12 XA TEH
R AT B B AR, L RSB B A E, R, B RBIRT,
—— M ERXRELSTRRL. NEF AR, MARMGEHA ZEMEGLEY, XA
AJR B XA o
1. N BGER(E. [} 5 W /AR A{e. a} RARIH.
Bl12. ZM-BE#HA L Dy BRARH
#13. 2 G 8IAANE A Eae) FHHEK, 2, AFE—ANE TN g AT G,
18 4330 1E Zb9hy € H, #ihky = ghog ™t E KX 3d 5 XA £ A2 —
sf—8y, R A FEdm i aEk, ZEAES R AEAF BTAR—
ANBE 69 7 AN BT BE B A
Pt D3 2F, A =T #f{e. a}s {e. b}y {ev o}, €418 Z 4R, {e. c}=fle.
alf!, ei1dta ZRM,
FIH) 89 B T A8 Bl 6y 8K F 450y, 122 BARTT AR AR B A &Ko thde 243=5,
BDBRE AN, RARZRZE, A TEXRFRLE. 50, IFLAEA
TFEAR 89 3T 89 B AT 89 4

XA PR R AL AT )M R AR Z R 454 K R A RB A AR ML IR T XA



RAH — 3 — BRFF AN, BT AR —3F — XA FRF 55— T, IARARK
MTEEBHRSE,

ZX113 AA: RAELNBEGHHTF HHER (&, ZA—x—T7) &, &

FTHGTAAMAETRMGRR, WHH G EHF R E, U4 G~Fo BAHPHR
H B 2 B4t o

[ 25 e gt 6948 A 2

G
g\ N—
g -

H1.3 RSXATEHR

WF——RBERT =R, PFARERKARTIE,

A — AT XA AL RIFAR LA AFAE I R 5%, AR A HL T — G IRFF R

5

$2Z,fmxFE X—HELHRNELECEETFTRT. RARBG—ANEIAH®

AR, BIINZIANZHEZA, WH—TAHLRRSH,

=

&
X114 A&#H: #GEFRA&, RAG T 5 FHELEARNEGHALE

R EHHA R EHo

HF L, RT A& REA HYSEANZ R, AR — 0 ZAREREAN . £
FAV R AT, RMXEGRFGET. EFHRTOTRTY, BRFISZRELE ARKA
BT 0G — B, BATVATF KRB — A B R
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NRER, #HAF—AMNEE

1) AAEHRGHRETH,;

2) WA G/HX5F F#.

(IAFRLERILE AT XA AR GRS FAELHA T, B A RN R
BRI A0 2SR A XAV E, ZRNTiRATFEGE P 2B IEAGEIL
1) Bfy. £, L8 G P IBEA g LENAMAKT—EAE, BARLL; 2
HNPNBBAYTELR—ANTE, CRRAAA LG EH, i3l T AR F
B TRRBE, M Aid, B ARELEI.)
(RA5ZERERFHRMGEZEA: 1) ENBEATEANAMER; 2) 5F F#
fEaFsfmeg  EB NG g TEGESMR G H—/ANTB; 3) INTFHERLE
T, TAFRLTTH; 49 XCeEBFRENLACHRE; 5 wREILEE 5
g aF, MAREAFNLEOHROHELE FHLLRAM. RLEINMEH X R R
Ri&? )

R (5 =F)

H—F, RERSERZTH. 4% & DA, A&,

H M, sthes hg B T RS, EAMNfed@ N me F Faufaitl,, b FREN
M ARE, ARLD(hehg) = P(h)P(hg) = fofy = fy, hehgt /& F R A

A, hoB T RSM, ZIiEh LB TR A, LIk, &hy' 78T RS, €1
B8y AL, R Lste— A @A P(hghgh) = @(go) =fo, % —F@P(hehg') =
O (hy)P(hy") = fof; = fjo Lk ABLEF Tl XEh FET H, tmeofin % T

foF oo BHABRBE TR, hoba TREHNE, ha' LB T R &M



% =%, BIiEH 2 REF#., sfvh, €H, &iEgh,g ! €H Vg €G & .
WA S, i@ AOHE AT, gheg iR (g)@(h)P(g™) =
D(f,@(g™1) = d(g)P(g ™) = D(gy) =f,, PrAghg M&%kBETFH, HATRE
T Ao
%=%, GH5F R#.
XL, AHFZEMEH AR EGREEgH. g,H - 5 8F 5 R85 LE L R
W, BERNT S F RM, SiEW: VH 5RERFHEANELSE F F—A
F, QXA EEFE AR LE, BH—F—XEARi. BT G5F AH AL,
Tk KRR, FIRAZIA—F— X FZm Rz, GH#S5F R#.
XS EEE— EARIFIE, H Pt pfy, IANAZRE AR S E L. Bt
gH¥ LEHA RO(g;), itHfio F=%, TRESNEARF ¥1k, ARIE
%o HgHARF FgH, AAARRRE, mEeMxpgf =1, IHFGERA
gi'gihad T Ty = fo, LA 'gh BT H, #mgi'e € Ho A%
hEH AR, HedgHF Teegi'gH, FTgH. 52475,
(JE5)

Bk, ABE ER=ZY, RNHAATRIERALRELTFEH, LG XE
ABYBEHLSF RMA . Tak LA Fo
B14. D3 BELS _MAIERE 2o B A0 A LAPLIANRLZR? B AHRMNT AR T

ME s —MNHRA X R, I XRRRFREAETL,

TRl B, ALEE ] A AP EIH, AR SR LREEN ROF L F A TR 4H#. X4 B,
{E}R FHXRETFE, AZEAGCGHAETFHLBLLAERTT, INEMRE—1% 2018 £ F
FHRIR B F LIRS RARIRI G (EFRBEETEARLFTILTR) , RIAMEFEIANAF X
kA, REEH K, BARAEE, LR 5!
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B1.4D:s B 5 N BARHRSARZTEA
AXE, RE2R{e. d. [} ZFRSH. R XEXH#2) D B R E R —
Wik, RBEH A B —APRBLEM, R 6X6 I T MLARIA3x3 HAK
BAR2X2 M. IANARZ NP GRBLEN T .
LEAHRSXARAARAHAS F M. Rk, wREETHAHL F R
#, EHAE G5 F RSR? INEFLRZFTEN, BAWN@R G LY
HWAFLEG . BRFRENET LG FIF
XA EPAE KRR T LA — T AT & BF i AR & 69 B % 69 -7, AR — AR
MARETHG LB A, REEBHEBINAZXAFRECEHNIA TS, T2 LiX 49
&, WRRERBHES, TRIRSEFEIAH L. BELXILAE, KALIEIRE
035, R RZN AR L\ 20 LFR M, A RO EMRATHEM LR
ERBAAEINRE, BRMNFOBTFRAARL: £ 8. X 2. ..., K
AR FEE TR ANARFOMEIREZ AARXIMRE, BNEBBEEY

M. FAXING RER, PIARAZILR—G, BXFARS

82018 £ 4%, AXAHARLARZBEIRY, AFAIANMTALENRRZERMN, LTAZL
B — 845 R A E BE 46 Starting from a few innocuous sounding axioms defining what a group is,
an elegant mathematical structure emerges, with many unexpected theorems, X #3t69E & %%
X EZRANEIFREIE . RN, EFHREERRKZREMGIT K, #7718 o —ANkE



F) A i A LG L AR 69 S5 AR AE 0] 69 % B, R RAE A X R 6 — A
REEMA RS, XTI AL, A B ALEZA M 4. TEZHIL
AMBAR £ F A,

Z 115 | BA St # G 2| § & ¢ RS, L4 v, e FH—AVE, €G,
F V(@) EG 5 R, ARFREAETE, B v(8.8p)=V(8d) V(8p)-

TR, AAi4eid A RS G bR ks $5 0k, L
W i k. BA1E Al B RIS 2 — AR, TR SR — AT
Fo JmRICHTAE G 89 8 R WAL —AL, LT U R — B
X116 # G &5 A RMA: W REMNEHE G WA B BHBRASE—&, Z3L
BB RS vi & v2 69 RAR viva L #AT B A B v, BRAT A A ust
vi, FRABTR & B RIS R A — B8, IANFRAR G 88 A, LA
A(G).

Flef, RAZETAHE G 98 RMBE AG) W THEAZE G 69—A 8 AH
Bf. 2%, INAG)REETHG A ARMBS, & —ANARMEE 2
CHTFE, A A R TARAE. £ RME AGHFEY, AAEZENYT
B, T8 R E Uk A4
X117 A8 RS %G FR—ALEu, AEHG FEZ—ALE
g #orugu M. BAu(gig)u! = ugiuTlugut, BRER—AH AMee

A, ARG RMPs. MBS AAE—RY RO, AN B RAHFH, LH

¥ % ¢ Polymath (b 4% H 5. #H#) Jean-Baptiste le Rond d'Alembert (3t - #
B - kB M/R) #9— 4 % Z: Algebrais generous; she often gives more than is asked of her, %,
B AL XN R o TSR A8 — ANRAZFAR B, 43R5 T Geometry &, f 2 X MRGE,
R A 4o EH ABE XA LB X LR, LA RAFGRARL, LRl A 4. EH
do B B E, RiE S,
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1(G).

X E, ARG, FRit—a, SR AE U, TR A B2
Fl—/Ao bodw, A Abel £, BRARF u 3 m 6yt 2B et X TR AR
MW, AR, €2 AQG)HTREFB, IANELZEMB?
KL E A TR, 2FAT @,

1) A, AR A RMBHL h, 412 LemeqtAfgf~1. hgh™t, 2% vi.
vae EANEFARA : fhgh™lf~1 = fhg(fh)™', T2 A B FIH B4,

2) A, xRN A RM g Afgfl, 51 E XN g R kRE
f~ifgf~f=g, BEB4.

BIENECRARE TR, IANHMA L, RAZES u 22— RN A RAHRS (€

I(G)), v 2 —A 8 R#HEst (€ AG)) &, vav' Z—AAN 8 B Bcst. L2t

LetE B E G PEE—ATEG A, 2FF wgaw!, T w ARG Fa—A

AFEo

(BEEINGHIAETA), vE—ANAARMBRS, v 2EHE, L2 ARH

Wedto ik v 4R Blg, B Blgy, AR v AR Blggih A it Elg,. g kR G P

—AEo

AFE v R Elg, @itz (vwvl(gy)), RARAEDGER, 123

v (g = vu(gp). RER WK, BATR—AN G RHABS, FAKEREA

wgp=ugpu!, HFEAuRET G H—AEELE. vigp) 2L F T v(ugpu),

RGA VAR LR R, BARRGEZYF THRHOER, FTA vuggu)F T

vv(gg) v(u), E@BLiE, ud G P EEAE, FFAF AR v, v(u) AR

GF5—BELE, Eviuh)=vu)!', AR EREEaHLE G F—AH



RAFE VWA B 8 v(w) 5 vy iE v(gg)=g,, ARZ vuv! 4 Blg, B8 2R
A v(w)gv(u)', FF vu)ABEF —AEEE, ARG A N G FH .
(FE52)
$115. Z - EERAE Za={e. a. a’} 49 B FIMBERAT QAR T, EHTLRAIL?
$45 o F AR R AT, ARG, FARREBHANG RS, A
le%udt, Sesle as|a’ a3 a xS, A AMBELEAAMLE,
b5 = PR BE R
MmN A A BAT, B % Zs % Abel B, RadBFust. N A RWERY

R A9 69 R F Ao

1.5 T

TR R AT B AR AT RO, A€ TR T Z AR T HBE. 2
P AGe K 3 B S ph o8 R F, A A € R RAVY B FAT 5P w2 69 —FFEE
BAEERAVE @ Z e BB B, SOQ)R, vMARZLTHRBAENEL, &
Bty Af ZRBAVE ARG PR o AXEFTFHITRT, RNER B THREEG
—® M. A IUAZE Lo
ZX 118 THe. RAMMRE. BB AXZA—NETEL, X=Xy 20 o0,
f ¥ X BN B F o —— e, f()=yeX, ML EMHBF A X Lo LK
B

FEEBAR L, o Rk 2 L X LHAAFERA g 69 R fg A kst X #
TR g, B X#TERL Rpxdvx eX, A fgx)=fgx)), A1 X &) Ak E#H
FESCTENN TH R —ABE, A X Loy T Astirat, itk Sx. BEEHe £

Sx g Bfo ik, ERAF I 5 R EBRALE AT TENHEN THMLA X L
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09 RBE T MABE . F X A n ALEES, NAFRLLGZ&xTHEEA X L
n H-EHREE, 3THA Sno B G, FRMEHTYERE#HSZH, €OH T 25THK
B, 1A Sco AT S6, AANNE T,
1.8 WK (Cayley) Z£®: # G AH#TF Sc ¥ —AF#,
EA: (RAKE —ASc T2, BIEATS G FH)
EXEH—ARH, BRGPEE—ALE g, e GC#THTHAA G, RIE
THRE, THE A —kLHE G FHALE, FIARAEG EH— AT H,
G FHHEALETAME RS EA g, YBREL TR NE, SFEREFE
Beo W g Bt R TG EEHA gt m ey ERR, BA g'egG=G, XAERT
TG B —A Sa 89 FRE69 . R BRIXA Sc 89 F8 5 G F# .
(JE 5

L m ey AR T RBEAR KRAGMER, RIEN AT RBEENES, TEAXREER
Pt Fo MEBRAS ZAMXGREZN MRS ATHAT ZF AZTHFNME, AR
5 248 X 6 HLid .
X119 FHH: X G AH X L T#HHE, F5F x. yE X, 3g€ G, &7 g(x)=y,
WA x by F4H, A x~yo

B XA U K, RAVT AR Z Ao B L0 AL LB R, X E AT R P T
FHFN LA E xR, KRR, L EXx 5y F0E, vy
5xFMhe RARKAE BTG, 7 gx)=y, m GA—NF, RAFZHF
E—Ag iy, 147 g (y)=Xo

Ak, 350 EW X~y y~z 135 x~zo IAEAEMEIR, BAA x~y, LA

g BTG, Wit e®=y; BHy~z, oA AT G, 43 f(y)=z. b LR &



ZL, The fg(x)=fgx)=f(y)=z. mBEAH G EZ—-NT#EFH, f. gL FLFE. &
b, fgot, INAG P LE fgFx 5z 50
ETENH, RMNTETREL—/A G il s,
RX120x 8 GHiE: BGAHAX EHERH, xAXFAE, WX FHAES
FMHAENEL, RAXHG il
EAFeZ AT W09 BE AT RS A MM T, FHA LS.
X T RBASRZER B I— ML, FERTHR IATRETE, La T#hEZ—
Al IAELSNRIEREE G FPAEERIIANAES P LEL, 53698
EARSPTH AL PG THE, 3T
RX121 £ GAX LR #H, EAXENTFRY, ¥E G PHEREALL ¢,
CREMEREETY, WHRY AHGAEX LHRET R,
BRAE S, BT A S
1. X PHENGHEHR LG ARLH, FAXEGCHERLFERZGAEX LW

AEF %o

1

2. X v EETFEY, BEIGH—ANFRH, HFY ZHIEH, BHK
RTROABET#H.
AT
#l16. % X R-%F@, G % z B g8, G={GWD)],
X=(f =xi+y}, ATHALRBME, EEATHS L. FTFXPEE—&
F=xi+y], G Y A XCWHEME T L@ RA: = (xcos¥ —
ysin P)1 + (xsin¥ + y cos ¥)j.
BRBEAMATEAANBHEL, THVRENG, R EO AE S, drE A
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Loy prA k., ARG LFN, M ESM AT G Bk,
XERCHAREFE, TXHTFHE, LEGFREY, FIAZXHGCFRE
T 4%

Jo B — A LS R IEG AN SR X TFEY, IA Y B35 69 R4
B A G P07 F8 H, H @20 B 243 1/2 AR E 69 B8 49
Btk

rT&EHT, XHEEFEYHRA—-ANGHTFAEH, 43 YHRE, %Y
Ra&X PH—AMEx B, IFREXRZETARARZ LML, A
B TR
RX122 H#GCRAX EHE#HH, xZXF—%, GHTIHGCRFEXTFE, &
3% G*={h|heG H hx=x}, WK G* & G 3 x & &F&,

@ X AN X AT AT, R T AR E S R — A R, SRR BERE R T
FEiE45. IR G FHAERMNFEBGTZEEFTARN. XTEAAMEE,
RE19. HGCRAGH xHEGTH, I GHENERER XA G F—/ 4
ek y, ERFIRERECEBRATENE. LREARS XY GCHRELYE, 5
GHAERE——Eo
PER: (R, BE, —ZRAAMx G il o) 2t —ARE, B
RSP PA LR X RARX— %, ZZARFRRESERE L)
RAEH— &, g L E— Sy, B ex=y R3], Ag FERET G W
B, BMTAZL—ANEE G, Z@meEE— TE gh, R x £, HFTF
ghx=gx=y,

BAES =8, ZELRREES SRR L, RIE, BFRFEEE G g,G A B R —



y, EAEGERRAG X =ghx=y, L¥h ke FHELE.
XAEBATT A —F 128 gy g hix = hox = x, sk 2 3tg, g, hy £ &) FRE 4 T
¥, EHgr g A RELREG TR Y 69 F. KN, i EHEEMWC = g7lg, G,
AR 2g,G*sk A RHF Tg,.G*, 52%F/F.
(JE52)
HXANTEEAMNLIE LB GHYAn, AEHFHEGCGYHY A mer, & x4
G #ig E 8 AFG R v/m, (EHA TP 2 F)
(B L XA SR X 696 F)
#I17. & A B. C RFBEZABG =AML, REEES, D & ELTRE,
ARXF—&, RkgFRRAML? (5% {e. a})
I G TR £TE4E bles a}=({b. f}¥ A meh C, A% cle. a}={c.

di# A sy Bo & A6 G 4l k&6 AT 6/2=3,

16 ARG F AR
X2 EZHHAREFER, RARRSHBRE, AT FHEREE X557
T FRRLT F A BB A — B M P RRM SN AT ARBEN,

Be g LA LR . P —%, ERARERG—NMLRAZFAR, AKX
ANRE, EFETFHE LR LR

HHMARFW, EHORGANCIHH G 5 G, k#HE— % G,
X ANHBEG LFE, 2w GBI LE, thdvg,, 5 G BT L F L4732 g,
T B H 3 8op = (81a82p) o A& P9 AN B LAY L F op = (81082p) H8arpr =
(Bre8ops) HAT R E B, 4 8 A R gupBap = (glagzﬁ)(gm'gzsr):

(81081082p82p:)c AAAAAY, BT G 9@ ALEME, 55—/ G LE,
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BT GHAATERE, 53 -G LE, BAHIANG 54 G LEH R
H
A2t XA — AR AT AR F R, BAVRT AR —ANBE, B A=K E
L EEAMAEST, BRANCLH FEAN T o MR EFZIENXANELH LG
AN, BMHAHR— B, TRERE— T FIERX A S4R L, IANAF 5
R —ANEE, BRAVIE A — AU G 5 G 09 AR, E R &7
L3k, IALEHREINLCELE, g p58wpBRVERMAZEG 5
G2 P L F LRI A F3F, 15K E T iXANEE,
2. Zom, IANEIEGR(Eap8uap”) = (8upBu’p’) 8u'p! > W HIFZ X Jm,
8o (8urp8urp) = (810828) (B1e0B10r82p:82p1) = (8108108101 82p82p/82pn)
(8ap8ap)8arp = (8108100 82682p") (B1a782p") = (8108100 81078282682
7 A 4o
3. BAEAE, (gog)hie LogE—.
4. #7t, 3¥(g1.820), #EA(grrg2s), HlEAE—,
ATIANER, ARBEOMELZRELRFTLET, &40 T,
X123 ERFH: BAH G5 G, BAK—AHL, 81a5828, BR—AA
B3 8ap = (81a82p)0 XEHARBBR—AESL, wEMNE—F ELEIANELF
BAALEBap = (81828) F8wp = (BrwBap ) E HAT R ER, HAGHAN R
BapBawp = (81082p) (810 8B2p' ) = (810810 82p82p'), M A XN AT M—ANBEo
BIABEMNHFH G 5 GHEARHE G, i2H GiQG:.
A EEAVHLR ABRIA LA T ARG L4, 42 B AT KA R R L I AT BE 24,

ZAR G E G AT AREG, INAFMPEMNYBORLX. 2EF L, R



EMIEA G 5 G A GiRRERE, #idE G HMA G 5 GERL,
A GEHINT . IMARERGBEN AR M, Bk To

X124 ERATF: —AHG, ABAANATHG 5 G, 2R G FHEM—AT
FAT AR R TAGus = 81a82p> L TE14E T Gi1s 8285 T G2, Hg1482p =
826810> WG AGIEGHER, Gi L G #HA G HALRE T,

AR, W@ RN ESINALRBEOHEH, AIAT G5 G LEHRGAH
it IAR B REFLGFAEL GFLiastak, ReBkE—~
A A XA — AR Bk ZIA KX R 2 ,G1 5 G ¥ ¥ L F R LA RE,
ZRCMARE, BTUAES, %5AREQHIE, ARBEFHOLERL AR
FPAt, Blabgp R R AT RESFH —ARM, AMRAZBLC 5 GELT—4
09 AAREE Go SLBRAF LA AT 21 & Lo
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HHE RN £ A Dy RO, CHMH —A &KL,
AOP (D)=, ()=, (A7) =(—3x = 2y)P=12% + 32 + Lay. KT &
#H% 200 2, 0. 0.

R0 77 imAR N 2| W,(F) 8| W () £, RAAKTAFE f o9k T4EM. L

B LA TAE AL AR F) 09 7 R A5
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1. BEATHOAHZHEG HEMETRAFVFSRIT X R

2. ERBEATHEEGIE, BNZBORLRLENMNELTITES, REkBEA
JeTF, BTt R BARKTIHESE T,

3. ZRTFEMGEARE, mHFHEBFAALTZTH TR, RETHH LY

AR Ag V() = Pi(gx' )

22 FHE T ATHRT BAT
W BAVIE AR T 0 F 89 B, T4 RATEIR B T — AN BEE AT A
BN ERRT SA, oo A 4 009 P45 46 AR X ANEE 09 KT o ) B4R AT L4
B THREMEARS XL HIFHNHX LR TEBRMXTRELLL LA Z
L, BAVEERSME ETRERFN. RTHET. ZRERITLARREFNRT
YT, MAELERMNFKEZZBALZFN T4,
RHFM AT, CTAEEX—FEMEH EHE e £ EL5REFAH R

T, TEOEXLENFEITARY LW TR, EFIF! 28 — A7 2t

X 2.8 FHhAT: B G{gJARTENRV L —A KT A Z{A(g)}. L#
RANFAG AN EFFERAG) HEZ B B PRV Lo —AMEFRE#,
det(P)RAE, M{P A HPI UL G ti—AkT, BAE NG ALE—R
—AP1A(g )P, H:P1A(g48p) P=P 'A(g,)A(gp) P=P 'A(g,) PP 'A(gp)P,
RFERFMEF L. EARTPTAQIPIHRA {A(g)} 9 F 4T,

AN E S FAT 89 — AN A ALY B8 3R B ST A AR M B R AL kA R
THAFN AT IABRE R, K& LRGIEM, 1278 F 0Tk &R — A

B RME, AR TEAFNRTLAN L —AEREENE, BAERRET



LM Ve ZFE, 5HA KRR AT E B R —4F, 2R 69 F T 4E
M B 7T LB S — AN TR T8, 09 JEH F K HP, HPTTA(g PR AR KM ITIE, B
MAF N AP E AR Z R Z BN, BA— AR RBEGRTERTAHRS,
12 %6 € MR FM AT AT A L A EABANG @ 2 HF 20 . R
KE MR B LM AT UAGAERIE AR LG R THRAEFN R T 2
Bl BFIEAE, FH AT 09 R T 2 R T AR —4,
AT XA, AL F &R — PN
L BRARANFNRT AN TREKRALRY, BLAANFHNRTHRTEN
Y Hel JAR ) o
2. A AANETRAFTEN, BRI L, AN EK I TRH T8, 093 F F4E% P,
KR, R E, BB @ ATIAN—AHIEIFRE, AT ERBETRT -
3. AT {AQg)} 5P IA(g )P} B ARAEMEN X a9 iTiE. Fl—4A T, RT4EMEA
N2 RA? %k FAEMA R 6 BAE, BAETHAL L R?
VR—AgER, (8, &, o, &)REH—mE, #M4FTH B, H
G B XMATHEGEFTAR{ARG) . HF—MEBERHE ARG =Y, &
S K (A ]alE]s = [Fle. £ 2[A) et % 91, 2(&1, &,
6 )L #9F j ARAA(R,) EAKM THT 72 699 & A6 AT 89 BT 7
£
B, *F 7 —‘éﬂﬂ(el By e , én') (12 AB'), A(g,) X 40L& M T
H—NEHEREX, SMERAS@EX L, EEE XA [Ag)]e [X]s = Vo

LBiXAALE BXALAA:
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) VA
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X1
X, x.

)
(A5 | )[P]B[A(ga)]g 5 (23)

Xn X,

e EX, WRIERAHFLH, A

K
3

FXAXFRAR 23, KA

X1 X1
i~
[A(ga)]B\ —[P]B[A<ga>]B'[P-1]B\ )

*n *a
HAEERRE, FAAGI]y = [P s[Ag)]s[Pls-

52, {(AQIs}AH G £ V M Zik EAHAGCIIRALLA(E,, &,

------ : 5n)é<a AR e SR AR {[A(g)]p )RR G £ V. bag ik ZH A
AR I & & @ (8, &, . &) 8 1 & & B # 4 B % .

([P~ "15[AG]B[Pls} 2 G £ V k69 21 T 48t (P A(g)PY I % 418,

8y, e, ) HRTIRR AL 6) SERERE

5 TIAG]p = [P [A(E)]sI[Plr, FHA14ril {A(ge)}iX AN &1t T 4 #F K
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(&', &'~ &) Em A, &8 A F e E#(AGQ)
(PTIA(R)PY & AN Ktk K % B (61, &, o, ) b b B 09 45 B B
{[P~1s[A(g)]B[Pl} & 248 Fl

AT, BMNTARE —AMAEXEZRENET. € AR L H4EM
THPAARRGEBETHE, AR—ALT, RTABLECAVRILA dy 800
HedE TR B A R A9 SEMERE . Bl d, {A(go)) 5 (PTTA(g )P} 54, R —4 AT,
#2142 {[A(go) 8} 5 {[P~ 1s[A(g,)]B[Pls} & ty ARFL 22 He 4B FEBE 2 69 o AR T A3t

#H—mK, CMNTREREAFGIEERE. Pldo, {A(gy) XK T HAEIR

(&', &', o, &) iR am ko o4 xF i 60 48 1 BE 55 (PTA(go)PHE A 12
Tt (8, &, oo, &) TAB OB AR 4B KM R T
RRFNH.

L@ eyt B AR T E AR —ANE R, AEGRIRE G F L. R

TE A RRR —ANE A G RHE, RAVT AL A AT @A — AN K E P g

xum(e,, &, o, 8)ritin(a, &, o, &)PlatHlEE, 55—

Az k(e &, o, &) ——HERTAT.

MERT T FMET. —aiE, CIA G ERERAL KRG A THR,
KFAF R R B HE B ZA P F, B — BT RBIESEAT At Lt 2
BLEAM B AAM T, KB — AT, 1 FIEE A X AHT IR T A AT A
Ko KGR BMARA LSS, T EMNEHOME, FOIERAL X, X
AR T 4R T
EX29 THRT: RARBGARTERV LH—ART, RV HAE—-A

GREHAFERAW (‘A BUYRINAZRAREAV AFIRELEAQE),



NAHRARTHET. XEGCREHATFERW, REFLFVY, 2fvg, €G,

e 3L AT

W sk %o
HEAEL, EMNFE GV AL GCFEGLTFEZEAW GEHE, TALV
PR—2A(E1, &, s Emy Emers s Gn), HFE, &y e, En AW B
BE, W AR mo do BB A T T8, A L RAVIE G2 F 49
B ANHE AR B 0 PR
@ = (3 5)
EANZHCe AM X mAEME, Ny Am X (n —m)4EM, By A(n —m) X (n — m)4E M,

AT A0, KA&M—m)x may RIS,

Y1

QW,W§M¢@%%%%%i%:?=/%\,E%M%ﬁewo

0

HIXANES, BANETAEL, AR TESERE LA L2 FhY X
035, IANARTTLHD? (BE: T4)

Bt sk, 4 — B AT REEw L2 BhiH X, EAERTHRTHD?
(R—%, TRRAEZAGLA, ki RBLZ Lz M0 H, AZgN, EFE
T4y, BARNFER xy FEMNERE, 2R RREGALZE, TANRE
Fxy P&, RLAEGETEERRDSLE E@BGHET)

Ba) I, P — AN ERTALTTAH, FRACAGTCELE S O X,
MRERCRELERA LG HR . INABRRIALECHAFTER L, AT
FEMERINAEN AT, ATERARNEYGART, LEFENL.

WEHRZTTTY, REARAANAGHEATENV, BLEATFZE W, stVy,
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Vg, €G, HMA(L)Y, BEHAFMAET W. TEHGAMEAEECHER
AAZRABRBEIANERAZ AT TR TORBERA X IAMIERLLEE
) 89 A Ay BT 4.

Z 210 Hfe: HFHGCGHEATERV, WEWREHFEN, VX eV,
ARELZIYEW, ZEW, BBXTHR—WoMA: X=y+Z, WHEVEWE5W
MEF, WhH: V=WO W, - BINMFHZRWNW = {0],

BHRFEAFTAELZET L,
ZX 211 RATY: EMNEGHEATERV 2BAW EWHER, mW5

WHEZGREH, WHRVIARTEANZLTY,

1

RRZETHR—F4FIRT Y, BNAENGF I HIRY, 2BEIRSH

F

FH, HLEHE EEERFTHNRETY . £XAPGLHA, LARMNH
WER AR AT LY,

WTHETHEL, RMNETRELHEFGHMIF: wRHEGCEATAY
AFERV RELEGREHATEN, WKAZLGHRTHERT.

Flaf, i E@agifi, RMNToildo B G HRTRTY, €—ZRMET R

(o Na\ o
aan( g pe)wnm .
. 0
do G # R ARAT 4, EAL AR RETnt— 5 2§ ).
Vi ’
o | Ym I
Zat, WhmEzRTHAH: Y= |, WmzhksHh: 2=, o
- m+1
0 2,

TR A TR AH C 5B &g aA, it AAE,) = C(g,) D B(gy)- Fl

PR YA IAK, TERIREA.



#, & By C #9kFE®, EMTH—FF KAWL, wBEANATHHELZZETY,
M AEAT & = BRAHR T AL A T 2k 7 09 B Am, 24k 1 A(ge) = Xp® mpAP(g,),
HPmy KA R T 29 R FAP S L0 kB, A ELE

KT EEMA, KRALXTUAEM ST, RELAFLFN I TH A

REMNBATHROIEZRE (2ERIE, REZETR) XYET.

A EANRE G EERTTHNZETY” XaiE, A TiERFTRA AR

2, RN EHE,
RR2 NTHERE, AFTAHNZLTH(ARBBERNXFHRIZNE)
JEBA :
(JAEBARRD, A T BRAME, AMAERAR)ETIHESE, RES b IF)

BTHRFTEREZ AL X

_ Gi1(g8s) R(g)
M = (5 60

AMEHE T, BG(ge) AmXmiEMRE, R(g)AMX (n—m)4EM, Gy(ge) A(n—
m)X (n—m)4EM%, AT A0, KAkM—m)Xmag T4,
do BT VAR, HAE—ANEEP, 13 P'AP &, 73]
-1 _ _ Gl(ga) O
MEMARA T o (BEINBFAETHRK)
AP B9 R T VAL A
| C
P= (0 In_m>

Ky I ARLGHESE, X442%55 2 C XA mX(n—m)4EfE,
HP~ 1A(ga)P Go(ga)7}c‘7A(ga)P = PGo(ga) A6 BLARH X 45 %%L‘}\ s

G1(ga) R(8x))(Im C\_(In C Gy(g8a) 0

( 0 GZ (ga)) < 0 In—m) a ( 0 In—m) ( 0 G2 (ga))
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LI

<G1(Oga) Gl(go(lj,)zc(;;?(ga)):((}l(oga) CGiz((ggaa)))o

XA BRI T

G1(82)C + R(8a) =CG2(84), (2.4)
LA GAL C, E Mo
BRI EIANAXTF R —T, FREFERA A 54, e TAH. IMAFHER
B A RBAT AR, L3R

(G REDY . i (Gi(Z)  R(gaY
A = (57 o 6m) A= ("0 g i)

B TARLIAY) =1, HAse:
G1(82)G1(82Y) = Im, G2(84)G2(g2Y) = Inm X25
REt, ‘ARx—AkF EE%E:
A = (B REDY (Gl RE)

0 Gy8x)/\ 0  Gy(g)
_ <G1(ga)G1(g) G1(g8)R(g) + R(ga)Gz(g)>
0 G2 (8a)G2(8)
_ _ (G1(828) R(gq8)
= Algag) = ( 0 Gz(gag))

Ak, G1(ga)G1(8) = G1(8a8)+ G2(8a)G2(g) = Ga(g.8), &TA:

G1(ge)R(E) + R(g4)G2(8) = R(gq8L)
Al X 253X 24 #ATEH, BHBiLL KRG, (gZ), 7

G1(g8,)CG2(gz") + R(84)G2 (g2 ) =CG2(84)G2(g") = C

G1(84)CG,(gz") =C — R(g,)G,(gs") X, 2.6
BHRAHAZRKI —ANC, /5K 2.6 R

I C A RAELER? BATT 2K



1
C=— R(g)G, (g™
NG &=geg
JeiX NEZXAKRN2.6, ADEFT:
G1(8,)CG,(gz) = Gl(ga)-—- R(®G,(g™) G (g2

geG
= Gl(ga)-—- R(g) G, (g7'gzh)

g€eG
= n_GdeG G1(8x)R(®) G,((g,2)™H) X 2.7
B TRAMATE, B8 %54, IALMHTR A R—ART . @R
3)id, HRXAAFFEMNFE: G(8,)G1(8) = G1(848) G2(84)G2(8) = G2(g,8)-
G1(g)R(®) + R(g,)G2(8) = R(g48) o £MGy(84)G2(8)=Gy(gqg) X 2 £ R ATAT
@ AT T, WA G (8)R(E) + R(8,)G,(8) = R(8.8), €4 F TG1(g)R(®) =
R(g.8) — R(g.)G,(8) o EANXARAN2T X, KA TAFE:
1
G1(8a)C(8a") = 1= ) (Rgu8) ~ R(ga)Cal®)) Gal(gat) ™)
g€eG
1 1
== (RGE®) 6@ ™D = — ) RE)CE) Go(8eB) ™)
G geG

gE

1
=D (R(ee8) Ga((e®)" 1) oD REC ™

FXE - W EHARET C, o g Thfbg, L1, 5T

R(gx)Go(ge™Y), FrA L XU4E%F T

G;(g,)CG,(gz") = C—R(gx)G2(g8x ™)
I A RN BIEG X 2.6 To

(JE52)
—TF, ARBTHMZET Y, A FINE T g d9hde, BFAZANE
B R XA FRABE R 5L o
HET THET, T—ARMNAHLIAGEALE (unitary, 7] £ E) &7
XAMEA G A 2 W T # (unitary transformation, % EE#), XA KRKAELME

R pizFE, BERHL, BEREL-AMMRARTH, SEBETHRGER
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EE—ReaE, © AN BEIEME,

WAk RGE T F 2 00 =1, X2 EMEH2FH. RER)T— LN,
HaEmH R U U=1, x2emirtser, UAUN#ELE, U5 FU L Bd
Bt A T AR, RMABIE T —, XHH RHRGEERLE LS,
X212 BART: HERRHRBEEHAITHERTEAERT

RIEEBRGANE, THHFEL: AT =AE) T =AE, D). BREET
#% Xt [Aga)]] = [A(ga) ' ]i=[A(ga™D]ijo

XTBEAT, ANRE, LET "XXATTHMNEZETY HHFEINL.
RE22 BRTTAHAUNLET Y.

JEBR

BATAZNAENAREZRVE, ATL, MVEHEGARENAETER W,
¥V#HWELERAER WAL, V=WOW,

AR LXAEGE, VW EW, VZEWE, A(FZ) =0, £/ B#HC4 W 2GR E
6, TaREEAWILRE G REHGE T,

AW 2ZGREE, Frxvg, €G, VWEW, HA(g,)y € W,A(g, )Y EW,
Alg) 'Y EW,

X AR EXTVE, €G, VZEWL, LA

(A(gZIY) = (ZIA(g)'Y) = (ZIA(g)™'Y) = (ZIA(g.~ DY) = (ZI¥")
b, BFYEW, pru@Ey) =0, ZLkRAHTVE, €G, VIEW:, A

(A(g)ZlY) =0, W2 G R%8g., A R4 TH.
(FE

WA, BALT AR A TRET KT ET oM AR T RT 8 Ao



2.3 HKH L ER & T
NERMNPAZTHATREEZHNRT, T—F—H2XF, RINEFHE

ZHZR B TN R RMAT 2 4G, FARA AN EARE A

F—T BRT

Fo%. FHEAF ATYHERT. BEATF
=W, BRHMEGEN AT

$w. AMRRBATEL

FAY . AFAEARER

FoNH. FERTOHR

RATE®R, AT ARS, §—FE&FT RN LABET, FF37
FWEAT FATHET BEAT. EMNOB YA TRENGHARE L7 2] —
ANBERFN . AT AT Lk

AR WA G, BB, RNV LB B A TR AFEARE R T .
A KA AT B R RAVEE L X TR L Ak, AR 2 09 A B R BH L E &
Pfe, REBZE—FIHA—T, ETF_FHFW. FLT, LhAAHRELT
it S HFEAREE, REFXE,

EMATAFRT AL R AEBFEGITRABE, 5LE 7T, FAAN TiE KKk
BHMEAAFTHN T A2kl THET FM ATY BERTFAHZZE,
FERNXFHF AT, RANLEFZRTRE M. IAMHERL BRI E
WA Ty X—FHAMNE RGBS, BHRK BN AT, B@iEh R RTE
AR TIHEGE, LMERHXHANMES

EAVKBER KIS £ T HBREZAT, BAVERE —THLAREK? (R
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2, BRI
ZX 213 FRZHBK EHKREZE, £ R ETELESR, doif £EFVX,
y, ZER, Va€eK, #:
1. XYy ER (AAGENERVAZIANAREEZRNGAHE)
2. X(Y+Z) =Xy +XZ. X+Y)Z=XZ+yZ (FE45 Bk
3. aXy) = (aX)y = X(ay) (FFXTLELTHR)
R R AZERHK, IREK.

B XA E X EA e B R B LT G2 Rk, B kil e L= A48
L ),

HENMERFROSGEREGESE, LHRAEXYZ =XGZ), BRI LS
PR RE, AR B AR A

A A F o

6. AFnXnEIEE, TMNHEEMALSERnXnE 4R, Lk RLENRE

B A AR B K, X dkn X nH 4B 69 BB AR M R R E ] o XA KAE T E] 49

FFEATT VUL

1 0 0 0 0 1 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 of.lo o o ol.lo o o 0
\0 0 0 0/ \o 0 0 o/ \0 0 0 o/
0 0 0 0 0 0 0 0 0 0 0 0

Hn X no,

FERIAGKH T MG EAeh B, BNTRA#E—F T X @2 REAESE T, X
BPARBAR, IARERFL . XYER;, XT+2Z2) =Xy +XZ. X+V)Z=XZ+
VZ (FEnBE); aRy) = (aX)y =X(ay) (HEXTLERH) 9. FFAR

AN R 8] ) B AL A% — AN AR B



B—AETFREHA D F L5 BB RABH £, AR 8477 L
AARERREABE AR, EMNHEREL AT, TX—ALHETH, HEHEST
W KRG, BAEINFEEAGEAS L, ZX—AAFRE, ZEFRIEIANEMR
A P a e BRI AR KT T AR T, I 45 0% R, XA
BT — MR A

AV A BT ]

R 214 #EN: % CREBRK, G={g 4%, BGCRARALTALEH
Tk EMUREAFHERRALAGE, SHEMNE Uik 5 R, B/ VX =
ZaXaBa> VY = XaYVaBa> Xa~ Yar @ € C, A: X+Y=3a(Xqg + Ya)8or aX =
Yolax)go, L RANHEIANAGEWHLAE R —APALERT T, IAZET AN
£ 18, B4 Veo

R 215 BAK: ArBHEAHEREAGES Y, H—F 2 LRFEAM. T
& EAFRT, RANHE G P LEE, 8 8yWIE AR NG = 8o KB, HVX =
YaXaBa> VY =Xp¥p8p, A :
XY = CaXa8a)(ZpYp8s) =2ap*aYp(8aBp)

(XE2HAANER, 2ERANXNAZSZTHAARYY TS ZHKFLE)
I RIREFERTE, LTAREEHA:
Xy =2, X9, 8y, EF XYy = LaXaVo 1y, Vo1, K"EBEYEG 'S, LS E.
BHEZXNOEREZRRELSARE Cb—BREZTETR) 69544, KNk
BABRZRAT LR L8 a = REHRGREARABENKE, 24 Reo

FEWUAOR, EL@@m Mkt XFF, it s XR2RRAG, §—Hhw
FARIF IR, HAGEXA MBI, QYA AN OMEIR, EA1H A MK
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AAEIR, T R R

FoAXTHHTRARRITAL, BAY, ), g LR ET —AMFLHL
s, (), RAT EAE LGS T, REAITEYHERKY, IRATH
GY) W aHE S FH, CRERE R, ZRMEX—AHK, RANEZHTEM
YaXaY o1y 8 nda. LR E— AT, BRINERGERRE RO G LA
FoAR B0 - 0 iR, ARV 5 HAT RAR A0l BHE, hefeds AR R AR

S, g, AR G PR LK R, HEA Ry mE RIRg, g, A

&
el

Loy R RBATAR, URIERTH L RRG, XN Lo

EHGTRERZR KA. AT ERELAZANNGE T, RAEZR C

B, AXMESAX LR LXH69?

B17. C3#, wEAle d . f}, RETAANGEX=e+2d+3f.y=2e+3d+
AR L@ ege kT, AXYF T4 42

1. Xy = Za,ﬁxayﬁ(gagg) =(e+2d+3f)(2e+3d+f) =2e+3d+f+
4d + 6f + 2e + 6f + 9e + 3d = 13e + 10d + 13f

2. Xy =%,y 8,

gy =eif, e fXfgirt, ERX N foxdy b @ EH EK, XFige R

Rt Ry e, MARKABRTK?2; XP 8 d REexT By Fagf, mA
ABARTTR2; XP oy f RAExT Ry esd, AARKAMEITHRK 9. Ao
f—# 13,
g, =dit, XPdge R By P d, HARBAEAMRK3; XP a9 d R
ety T e, MARBANERH4; XF 09 Rt pydes f, mA
AEAFTHK 3, miE—H 10,

g, =fof, Xty e Rz my P o f, MARHAMETHRKL; XFagd R



Rext Ry e d, mARBAMERHK 6; XP a9 f Rty Page, @A
AREAMETHR 6. Aofe—A 13,
HofE—#2 % 2% 13e + 10d + 13f,

XA LA Rk, RH RS SR K4

1. Xy €Rg

2. XG+2)=Xy+XZ. X+Y)Z=XZ+YyZ

3. a(Xy) = (aX)y = X(ay)
4. (Xy)z=x07)
B SLH M —AMR A

A THEZE Vo b 7 3. BRHRe 097X, IRaxBPAEETELL, &
VAR T LB AR 2 Ro 092 3L, 2B A —AB =T Vo LR TH, A
At Vo LEE R BX =X, x8;, gitF A2 E L@E FLEIX = X, x;8:8,, LA
R @ F . AR LA FEANBE G A B A B A P A R R, RAITAL(E).

EAN G AN AN A B E 8] Vo Lhg &M THARRE—&, T—AKHEE
Wby oo S TRIANAEB TR ES, wREMNB—F T XFAALBRTHL(E) S
L(g;) % kAL(g)L(g;) A sbitL(g)VE A, AEL(g)MEA, A 2R L & L
bk THAN , FRAVIRE I XA K T He 09 5 620 BB N phey (3
B, BAEERANBEARBRBEL;, &4, BARKHELESL, 245, 108
A mEE RS, i, BEBHANERRAE), IHHERMNKTAE T —
NG, 3|edB A Vo Eag & R {L(g)} 89 egt. R X AF 69 B AR 3
G REERTE,

X216 L£ENAT: dde LR M ERH G HRM T HH(L(g)} M RS BH

X%, BARFEGH—ART, BAKEZT#LE)NLZAERAAHFEZNHNSEL
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8y, RMMZA L EN AT

B =R, g #gj, INEOERETRETTRRF G, B ABIKLEMN
AR, ARAEAMER Blg L —#, kAT EIgigk = g8k, &g =gj, HRET
J&o B VAKAE B A WAt B2 — AR wedt e £ EN AT 2B ATFNELET

5 A EWN AT, 2 XK THRG AR, KAV 28 LB Lg; BT 3
69 e T, AR R B BRI Vo AR B 3R = X 8, LI, R AY, xger e
BIANERIFRBEZRFH—ANGE, FTATCELEZHETE L) — AR Tk, T4
R(g)o dw Rt — % LAk M AT AT L 89 SR B9 S - (R(g)H T A AL
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2 BN 5 A E N AR AR E R AR AR EHLA T B A 8 AT R
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REM T Ko LHIMHEAT—RTY, R LHRGETR—ER
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AREEG—3x— R F, LA EDN KT, XL —H0,

RABE &7 XRLANE, HRREIANAXR:

MV,

X yrm o)
E’J;;.Eu R BEEE 375

SpEs Exd]
& (e
Sk

B 24 A=, BRHREE. BREYE HFIRLZRNORBMELXRATEH

PLAE BA 7 4m 18R o

AN BB AR TR E (LRRAFRA TR E) —— A R?
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G HRTo IANARTHRAG HG, ARFH KT,
IANARBW KT ARNT @GR TOARAHLRANR? RERZY

100



—EERREBRTHEARNEL, RO Bl TEHAANET, RTHFHELM
XAANR TR AR, kBRI R T, mAELRBHRTRE, ZMNARL
Fheif G MIEATATH, RMNENRTHANRETHOET, RAF M4
HEAABTAERE AR E TG LR, ZRNALTFEALZMBOH G ©
Ao MFIAER, £ ERMNHBRLT G LMY ROGH LT, BART
HERTH RO IR TTIRTY., MAXL, R AL BRG 5GHRTHL
T, A 4A(G1e) @ B(gp) R 89 G 4R FERT L. B HiXG 5G4 A n A

m B, A

1 n m
aEx© = — 2 Z X (81a)X® (82X (81)X® (82p)

a=1p=1

= G;XA* (gm)xA(gm)> <$;XB*(823)XB (g26)>

LAL5BARTLN, 1 #E1ZR L, a6, G, mRERILLE, &MNT
A R AR R TEAMEE, BERFHRTHRTARMECH T THRT.

TEEMNAFFRT INMESEEARMNIITREB AR =09, ¥
K, ARARELRES. TREALLZH AR

€0 ERAE AR AR? @AM, HAFOHRE—F G — AP S E
AN A THRITGET. ZRART, REFTETHHFILLEHE G LA
Ze, O TFRELE M B, BANBIE FE AT E AMER G & w. AT @ P
BB R AL A LRI —ANE L B RBMN LA T T R, £ ARBY
RFAL, BAVSEE G M RHAE B R RIET &9 XABRY LIAT AL
HRANTREG AR, KRFLUT I FRAER L, XL EHGFFET, @

BRI TN HEMmT, RRELHGCHELE-NTHMITT, RAAZA



FRENE TR EMERE G AT, BNIAEZRINTFHALRETTEH, RNELR
ZRKIXANE G T AARS R
B Sk, REHOEH X RZXIHG:

HA9FER FZE A
H
}B(h) ) W

?

B 26 FR3ATTER—
EMAH G, CRAE, BRMNTEECHH L RT. BMbed 2 ECH— /T
H, IAH K2R S, ©H—/kTB HA4eil, BB EA 5ol XA K709 AT
FI A W, EA%eE X B8, T4 G — AN kR?

XY FE LRIARTELT, hAA Tk HOEE, BH k9 GH
1280 RIEAANBYRHE, BMNRKEFELAFFT? EIAHLET, HAZEZEXL
—ANEH TR, HRGCETCRA, MmAXIANEET®RE, HOaT=F
1. BX—ALKKEZN, MAEKETHRTMERIZINSAXEZ GG EL;

2. RLIIANERM T B,
3. RXEEBMTHRAAE R, RENEEHREHE, £F5 GRS (LA REF
FEMERE),

LI M R AE, BMNATRAABEMNMHFFET GH—ALFTT. T

& EAT 89 b AR XA B R AT

— e FAFIRAU, RFEMLAV, EA AV RAEL?
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BTNV EMNEZXA—ANIREN, RATIFH4H2 H B. W, XX
ANFEE LRI LTI FA X &R KE?

EATRAELYV & FRIAF—ANAFH, MR BGHFERRLE NG P
WAL, RAER—AWZEFaE, ENEIANHEITH f.

EAEE FREW 26 EAARERT, £ G EIANFAARLLT, 22
H. B&ZZAAMNA. ATHREANAB ZHGEAFTIAMEEFA AR, RN
Z, EFThBTH, £% ¢ /TG, A: fhg) =BMi(g)-

XA AR S, LR R R IRE R NG PR, RAIR—
AW Ry T, IH—NEH. REZKf(hg) = BO(*+EE h. g
AL BENFXF, AARW ZRF—A@E, FAf(g)LAEW £ ¢ —
MA@ 2, Bh)AW = LK T 8, AR W=Reeei(g) L, 35 W
Z 85 —AmEBf(g)e INFXEREINGEL { I MK A hg
A ANAFE 89 W = 8] 69 16 248 B o

BT U(g) R A 42

@RS FFEATHEATERANEL, AERNAEATOLE TR KA
CHERZCHERIVEaelf L 7368V Fe2Uf,#H2: [UflE) =
f(g"g)-

Z2EXZUEIZ—ANV F&E, #gEHLE MR, FEAREIRES
C—MNGPEL, EAR—AWEEGET, EMNHEIANAV FHEHZRE
o FARGC —ANBELG, ARG W ZRdms, SR Ag"ghm
ANAFE 89 W =P g6 248 5,

IR ERTHU(QM R AL —5F , RMNHT V PesE 3 2% 2.



fthg) = B(h)f(g). 2 X Z, U(@E M2 f £, #£5] V 495 — = [U(g)],
24, U@l 2225 [U@EIf](hg”) =BMm)[U@E)H. xisk
ith R R BEARL, RANEINAXT, H:

[U(®)fl(hg") = f(hg"g) = B(h)f(g"g)
AU = f(g'g), %4%H:

[U(®)f](hg") = B(h)f(g"g) = B()[U()f](g")
FALKRBUIERE V Fe—A@E L, FHOHEIREV T35 -4

=4

%,
CEANEM T RBRFHEEGOREINERT (AL BRE. REFRE)
AEBMREXZTHFATHATEZR V, ER2—AZHETE, LPHH
A, fRERRLER NG FHL, RLHR—HEATBHEAFEN
W a2, Bfi#2: f(hg) =B(h)f(g), *xvh € H. Vg€ G .

Rt &A1 2 LR T & T #U(), & 2 [URIl(g") = f(g"g)*vg. g" €,
vfe V& i
RAaZMNAUEIAEFY RFH? LB G H5{U@IRTRE? FAZH LY X

Ep
[U(U(@fl(g") = [U(g'e)fl(g")
tvg. g g'€G, VEEVR L, RMAIEZIAX R R L, REHLA{URIE

BB, MESE—®, GE5UEIAAZE AR,
FEBIXAN K 2 AR 2 L AR 1) 2

[UU(@f](g") = [U(f](g") (skxt/e—FAEM, FlaHief(g'g)ixAMkiA
o), BANBEAXF?mE, KRG, ABERMEAG, - Ag'H

RE0%H40)
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B, BT A%LEEh:
[U(gHU(@)f](g") = [U(g)fl(g"g) = [U(gNel(g") = o(g"g")
X BU(Qf XA FH HoR AR BTV, BU@E)ERFe(E) EF To(g'g).

XAHE RO AR TFRN, A o(g'g) =f(g'ge). #tm:
[U(gDU(@)fl(g") = ¢(g"g") = f(g"g'8)
@[U(ge)fl(g) =f(g'ge). Ait:
[UEHU(f(g") = [U(g'e)fl(g")
tvg. g's g'€G, Vie Vi,

EAREE, Hok: (UQIRFHRBR? 2ERF L. B4AE T
[U(go)fl(g") =1f(g"), Ulg) ¥tk ; HARUE DL U(QEH; F=2E
@5 TUE)U() = U(gg), RiE# A4 3HM); %&(UEHUE))U(E) =
U(g"gHU(g) = U(g"g'e) = U(gNU(g'’e) = U(g)(U(g)U(g)), % &HA A o
W &4 A, {U(g)} R Bt

{U@)}® a2t 5 aramsta9U(g)U(g) = U(g'e) XM & A& —4% 4, {U@@}#t2 G
B — Ak, RAMFEXANRFHRAFFET, ek U, nUB. KUB,

AT LFAEREH P ATRFLA—8&, ZNERFRANAEZ:

HEIER R FoR=(HE]
G " 5
H 2 3)
B(h) mmmmm) W \
(d%5)
5)

EHIZ M

BSERN E sl 2|

U@ 7 (@) 6)
[U(@f(e) f(hg) =
=1f(g g) B(h)f(g)




B27 FfrRTrrel=

(M1 3] 7 4R K3 F &, s kf(hg) = Bf(g). [U@I](g") = f(g'g) A ANl &

B, BATETHER{U(QIh 2 G AT T)

&

—_

rEARFRTHESATHEARRRE., ZHREAT, RTEXNERRE, 7T
B P F 2L RN BT = A FF AT

ZRFEIANRA, A E REEATOMERNCEZHE, FFERSZH AL

BEEERTERNYEE, BXEHRAV IANKHHT R Y4E,

FEEANFH P, BN EANREL R I, EAHK;

Franr R{U(g)ME R 2] Xk b, #7337 % 40, Fe B ANk 203 8 Rk T,

Je IF B BT R T A 69 51 o

rEE—F, INMNJHKER A S DY

ZHE—ANRRENGYGRE, LA T REEREEMNEZRA AR EH T —A

F i ERRBARECA LGB RHBARL, BMNEZEGY n MR T —

ANBER I, PTABRR R A REA N EEXRBBIRL, KNE LG ANAHA

BORA R — N EFB, P oA SR B8 Y A AN B

AEXE, BEMYRZHEE RV BEXHGRFR, REKR—ANBL, RAFR—
WEZREF@mE. LA nALFE (BHEAN), IAWEZEFHGER

d#ey (AwEAHd), BFTEME—&R, BHEZIHF MR, RMNAnXd

AW E, EARREEEn X A4,

18 RAFBIANE R EE, RNLET —AV P HEFGRA, Lih2

fthg) = B(h)f(g), *fVh € H. Vg€ G L. XIAMRFAH 2 FELR? XA
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HEEZEREA L, RNRES B H (QWE, REEpE—FHS, ®T
e pr A f(g)#91h i@ i f(hg) = BDf(g) /78], At 4wk?
B 8 FAVT AR G, B 3T 8 H it 4, G = {Hg, . Heyo . Hgyl,
Hdg, £ G FHEEAL, IFn/m, n £ GHH, mA2HGH. TS GE,
RBEE—AMEEBH L g, AT AT AL E X —AMEE T, B& hg;, X4,
CHAT EE W R ) b #gd, st 2B it f(hg) = B(h)f(gy) 23], X 2B(h)
e, LA HLR R F R4l £ L w69 & 550 1 P A Agi 2 09f(gy) , AR & B
Huf()#hArgil 7o BAEV HLARE DA, Bl = =
AT EAE—AKIR, BAVRTFHEEAET . AR IZA IXd A, HAHLE
AR, IMHRTFHEFFRARLER A LBRESBETGE, RAIR
— AW i F 8
EMAAAAIAFRARILX —AK, 1 5 j, ZAKHGH XA ey(gr) = diér,

Ebr AW R GgEESEAR, Akl 2 d AW ERINMARBELXYEZE
(HATFB#®EATEM). j A1 B [ FRI&—ANK, ZH1jAh [IxXdPA

A

7 o

X Pey(g)AR M AR? RIRAEZ -G FIHRHGEESMITE ,8-82v
Blg Py —ALE, RAER—AWZHFHIEET, FRINMIHBGMATA
g1v 82 Blg ¥ —AALE, mAG FHEZT-AMALEH, RINMRKLRE
BAAF ARG RS M b6 R4S, Je ik B ihg 09 X, K5 Keyy(hgy),
#4F TB(h)ey(g)o. Bth)Ze, ey(g) Tsn, ey(hg) B AR3tsild 7o
WAL, HAXMEM, RALKAAT L HORTBM T H) 4. 15 8

A, e(gi) 5 A1 34 B H 4 4R 89 % 242



FAVEFE =1, =1 9, IAME, se(g)EARM, R ke, KD
W b 88, kb Ke,, RAKW TP EaE, KkiKgslg, KL
"W E e R,
=2, j=1 B, stey(g)X A&, &g, RAEKR W P66, hike,,
RERW 2P ey EaE, Rbhg2lg, RMARW TR FHTeE,
=3, j=1 %Rk k.
r=d, j=1 i, sfey(gikMHH, hb&Kg, REHR W Fahéy, thikg,,
R W R by ReE, RbkRgdlg, RALKRW EE b6 RES,
r=1, j=2 B, sey(g) X AMNREL, Rb&Rg, RARW FHRaE, REK
82, KRR W =N a98;, 1hibkgs2lg, RMALHRW EZRFHRaE,
=2, j=2 B, sey(gi) X AMNREL, Rb&Rg, RARW FHRaGE, REK
gy, RARW F a8, heHKgdlg, RALEW =R PFeEaS,
=3, j=2 FHF R K £
r=d, j=2 B, stey(g)XANFE, RAKE, RAKW FHRaE, LK
gy, RO W Wby, hbfkgsdlg, ALK W EH P EHE,
=3 EN L, AFEA, rETFT 1A d B IRKR R B jms AR dX I
Uefr, Vop#y IxdAESER T
RXRBEH ARG, ZNAEREFEATHOERTESET. IMLET,
HAZAHU@ME R 2ley(g) Lo #R, RIBURMEL, &Mmid:
U(g)erj(gr) = erj(gk8)
X, ey(gu@)d BH 246 W E B Fag& 2, EAT AR G # H #AiTR
S R0 PR X, #h Egkg Ahg;, KRG BAkIEe(hg) = B(h)ey(g) & %o
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EANZA M, 2%, SEDH LR THRY, ZHe,(grg) 5 RIAgGA X
ok, SRR Aey(g) KT, SKEIRZIESH To
XANBHE RN G A E NG E g L — M EHE T, ENARGZEHE
R BIEE . IAU(ME A 2ley(gi) b, 2] 89 2e(grg)o X Aery(grg) &
T R A, BMEZBLH G HREESM, EHEAFEA g g &
T, 8AET, AN h BgagT . ReRMiEide,(geg) = ey(hg) =
B(h)e,;(g;) T vA47 3] :

U(g)erj(gk) = B(h)ey(g:)
B(h) 2 —ANEAM 4ty EHAEE , RNIA T BH8, Zleey(g) i X2 K4
8r, XAFEGTERMATAFRU(Q) 4 EREETT .
EAVE 4B X — 52 RAVA R 2gi 281 82v Blg T —AMEEL, gl
&g 8o Blg P o —ABET. BA&g . g FgHIAHMELE UG, gihg 28
R—=AMFH. B it FTk, A ZLey(g) = enae(8)o 42 jHt LA m, ARX
L EAANRRATRT

U(g)er(gr) = B(h)erm(gr)
erm (8 A EME XA T —A, BEFRAKATARELHZET o
BAXTFHEAZBRAE, Bem(8r) 89 3L, K m=k. Fl &, den(gk) =
erj(g) XM EH, 2R i5j. HILF BT dgeg = hg;, 4 h=geggi . %4 m=k.
i=j, #MIrid: gnggt =h€H, E&, XL m. j & Key(g) ey(g)
B ARAT, FEURARGERA XA FH ZANGAF m. j T R AIgy . gl
gmeg; 189 XMk M B\ B L g LIFE) 69 % gmeg !t = h € Hat, U(ge(gi)

BT R B R A E. KR T2 HhBh), By Blgmegy k& LEHAT,



2 RAR T K

A FEANEM, RTHEEG LAY XHKEFH LT, AIVgeG, UFT:

B(g,gg1") B(gigez!) .. B(giggrh)
. -1 . -1 . -1

U(g) = B(gzggl) B(gzggz) B(gzggz ) X211
B(giger’) B(ggez') - B(ggerh)

EES

. _ B(gmgg '),  if gmgg; ' €H
B(gmggy ) =1 M ]
(8meg; ™) { 0, otherwise

FEANFET, EANRIEB(gngg )X A X de94EEAE A R A A, F2U(g)
BRTIX B, ZXIXIP, sfF—AMFEH m, HAgLg R4 M2 —/H 69
BT, HTARE —AB(gmeg )R, AH, RAgnELHEmE, L3R R
B (BATAEENE =hig58meg = h,g T/#8m = hihy'g,, #mgy, €
Hgm, 5Hgm Hgm RAFRRET ), XHU(QXAMEMEA B XAd X d#g

SEMEAE A IR ARE T, G RO THA:

0 0
(93
u@=|g o

0 0
A EMF ENRROHT T

N~

AT, LA Dso

#]12. A G={e. d. f. a. b. ¢}, H={e. d. f}. H RANZHHIRE, HET

B(e) = 1. B(d) = & = exp [2?] B(f) = €2 = exp[4ni/3]. K€k ke
G 8k R?

REFENEFERD: BfEEA, L2 A 1L

G={Hg.+ Hgy}, g1 =¢e. g, = a,
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wEdmah ek FRTXT, RAE:

_ (B(eee™) B(eea™)\ (B(e) 0\ _ (1 0
UB(e)_<B(aee‘1) B(aea‘1)>_< 0 B(e))_( )

B(ede™) B(eda‘1)> _ (B(d) 0 ) _ (e 0)

U = <B(ade‘1) B(ada™!) 0 B(®

B(efe™®) B(efa™®)\ (B(f) 0 \_ /2 0
URO = <B(afe‘1) B(afa‘1)>_( 0 B(d))_(O e)

_ (B(eae™) B(eaa ')\ _ _ 0 1
@) = B(aae™!) B(aaa™! >_ <B (e) B 1 0)

_ (B(ebe™®) B(eba™)\ _ _ 0 2
U(b) = <B(abe‘1) B(aba™! > B (B (d) B e 0)

_ (B(ece™®) B(eca ™)\ _ 0 e
R = (B(ace‘l) B(aca™ 1)) B ( Sz O)

INFEFERTHAEFFA 2. -1, 0, ERTHET.
By AT @ 69 X 211, RAVE il FF AT 0 SRR BART B A

xV(®) = ¥\, trB(gge ) X.2.12
XA At B E, j ABM 1 5] [=n/m. X Pgiggrt € HIfBZ B, &2 R4
Mo RMTREZH I —ANMER, RARMNEIAg 3g LERAENG, RIEH
HATIE RS R 69 AR ) 2 69 H SR 69 AR 2 4, ¥ G 7T A5 R Hg, #)Hg, 89 9 & .
M — A&, bdeHg o 6947 — ALK hgy, feetE R3] g b, Rah XAF6 K
B #hotde Rgiggyt € H, Mhgggth™" € H, M Rgjgg; " ¢ H, Nhg;gg h™" ¢
Ho B %4 A%, i RiEdgge ' € Ho FuttrB(ggg ") = trB(hg;gg; 'h).
EAEAE, X 2.12 PARA g M e, T AT KE G PHALEL, E—F
22 ENRNH P AERGGE, % w (H&H) MRANER, rAE

FRXNTHERy olk, REAR:



2(@) = —Trea trB(tgt™) X213
BEFFEATINRET LT TRIE, BMNX—FHE TANGERZORNET:
1. B A TTR L6% )y, 2. Frobenius &3, i # AT AL & 5 37E

KRB RTE L TAOLE o WA R XHF—ANFE, AZF G —MNET,
*Vg € G, A AH — MM TH#AR) 52, AAA(g8,) = A(g)A(g). ARA X
Ak FEAS GHFAHH P LEARLRL, Iptvh e He G, A —A X
M HA) 5 23t 5, AAAGhh,) = A(h)A(hy). k2340 T #2{Ah))
BRT GoFHHG—MERT. RMNEIHFG—NETHA GogkTA, 23
FAH %), iTAAlL.

T EMEATHGE D, R ARGHRTLHET, RLAlgAH O RTY

BER: R—Fo thdost F D3 B, A RTHEAT:
0= O aw=( 9 w0=( 9

=0 4= ). w02 )

T Dy 8958 H=le. dv £} La9%5 ), 3hR AN HABIREEA T 44T
AN AR R T FBE LR A9 EE T . A4 Frobenius ZHR? .49
REGCGANTFHEH GARTHEATA, HALRTHATB, SMNARLIHANE
Lo E, FREEEXAR. 2EHEMNTEG TR EANIE G H 89 R TLHET
B, TRHFH GH—AkrU, &iks UG RETRETHN, [T
GOARTHhET A, € H EAA%G DA, EANA%G D H RRLTRETY
7
Frobenius & #1692 : & T -FA TR AT DAL LRY 8K
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EMXER, BRMNTA%E G HFRTHRT A LG HORTHERT BHEFH

ROGCHATUFTHERLE, FTHHRTHORTB AHAE G HORTHERT

At H#94% ) (LA H 8 RFAly) TOTLE. ARG kL, #i:
G THFH

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

U Aly

‘B
(GIHZE R BE 2 (HIF ] Ben] 29)
Frobenius 7€ #

ATEURM 1Y == BT Al d 21
A 2.8 Frobenius & ¥ 7 & B
AEFEXFEEE, HA:
OAY) = 6Bl
byt (VRBGHORTLHATASH HORTAHATBHEFH LG
FFET U GHERF; B (B HOARTHEATB 58 GokFALZH L6
Y5 A B9 H 89 T Al 09 SFAEAT o

ELE? BMTUREME, XNTFHLDLA:

1 1 1 .
(ﬂwﬁ7§}WQW@=;§j%@%§}m@rﬂ

geG geG teG

=3 N @B

teG geG

XEth gty Aim G, s =tgt™l, Mg=t1st, ALt 5 g thafa,

BTG s 5t M defadd, kR EXT @S ET

= %Z z YA (t~st)trB(s)

teG seG



= EZ xA*(t‘lst)}xB(S)

seH teG

B AabyB LA, BRKs BFH, pidiefeitB A R% 3 Ho Fat, X FAt

A& G, (s = M ()AL, PR, ERBEFT

1
==Y ©LE = (i)

SseH
="l

O ") = GBI
Frobenius & 2 a%, .
7 5| A A Ds B854 F
B113. RATA A A {e.d. T} 89 T £ % 7B(e) = 1.B(d) = ¢ = exp[2=wi/3]. B(f) =
g2 = exp[4ni/3]HH T A 8935 F:
so=( 0 aw=( 9 a0=( °)
0 1
)

_ (0 g2 (0
. &~MW—(8 )\Md—(
INFFETFTRNTRIEZ D3 R T kT, 2X AT EsL, AL

m

AG) = (

S m

0 g2

A A E\me TR B WAFEARA 23 TFEH, 5514 0. 0. 1.
X ANBHE &A1 R I5E Frobenius 32, 4o BRI D3 9 R T kT A Al &,
A% XA AV RA%AE H E# 4N ER SR A(e)=Ad)=A(D=1, H & RT %4 % T
BE L@ ELEHRAZO0, IA 0 BIFE A RA2 ARG AX A FF AT LE
FELEME, XAk 2 Frobenius & 34569 A 2o

I B EMNIE Ds R THETHA A, PEBWESFATENETAESA
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l. mBAE, ASAEH E&h% ) H:
2
A@=(p §) a@=(G 2) a0=(5 )
H K& & RT 4%k 7B)=1. B(d) =¢=exp[2ni/3]. B(f) =¢? =

expl4mi/3| Ay L7 E LA

W =

(Bl =

[2X 1+ (e+e?) xe+ (2 +¢) X €]

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

W =

Frobenius 4& & A&, o

2.7 M5 BE

1. ZA(g) 2 AG = (gt — kT, B HEIERA (L RAGH —METo 4o
A(QATRTLHH XA 4 B4, NA (LAERTLHRE L EH.,

2. ZAR) ARG = (g} — A AT, B9 B EHEH[A(Q]™. RERRELES
[AT(g)] 1 2GH — Ak o AR R R T LM KA 4 Ey, 0 [A(g)].
[A*(g)] 1 = R T 89 K H 4 £,

3. dwA(g) AFG = {g}) — A KT, ARAY(Q). AT (g)2"B? Hit4?

4. KA RA RBEGH — MR TLhET, CEGT— /L, AAFH, E£E/L
$EI% . JERA: YgecA(g) = AE. ARA SLIER A FRAF XA FeH 0948 ) o

5. EAR REGY B TR — X8 B2 A KT o, & H5HGH —n i) RT
LT,

6. KB IA REH R T L AT

7. KA() A FRBGH) — AN L kR, B(g) AA RAGH) — AN —Z kB & AT,
IE: A(g)®B(Q) L A BEGH) — AN T 4 A7

8. #V={e. a. b. c| it kb FRERNTHH, RILFHREN. FTHE



Lo |0 |T|T

ao|loc|w (o |
=2 I T ¢ v <V T I+
o |l |Tocla o

o |T|w (@

To

9. RED; B PTH REM RTHE AT, HEBHATHEILL,

10. ReD B ok Fh R HH = MW, (F) = x2. Y,(H)=y?. Y3 () = 22, ¥, () =
xys Ys(P) =yz. We(¥) = xz} 898k, FHFEH LGB RTHET

11. B PR A 69 A EN 54 N AT

12. 3XAP(g) 5AT(g) RHGH BHATEMN AT 44T, AREATAP(9R A™(g) &
SEBERTD? AP(Q® AP (Q)R? A 4? mtnd, abILk?

13, BFAH L7 A A BN &7, i 558 69 BGH FF 2 A7 A 42
14, A FRAFGH) IF1BF 89 T YR T HAEAFZ e, Do XP(8), FTIU? A 4?2
15. 2 (®) = x2. 6, =y2. ;@) =xyhk, SED B kT, HF41.
16. Do#, AT HTH{e. a}iBEaT, ShEPhT, FAMk.

17. B D2 AT 4R FAEZ M AAR, I 2491k,
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F=F EHELETNAH

1 &3 X
B RAMBITIR Sk, F—. H TR TIRGEA LR, SHEAE A RM
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FE X LA R ATAREA, SN, A ANsedbth, XA s, A
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{C3. Che CY. CY'. CZ. CR. CY2. CY'2. E. C2. CP2. Cy2

IKY % 7

(o8 SN 0 SN of SN of SN 0 N o1 SO oI oA o/ o5 SN oy N o

R, WTIS5EZAFLY, INFHLE OBy EMR, 5%,

X)L, RNAFT T A 6 L8, CARIe T 9 K697 AR B A k2 33 AR 4
VE? A2 AR T MR, RN ZEA AR, B A R P — AR A — &5 5 4T
PR— AR BB, tedw Ty Ty Opo X5 AL T RAVXA EB R4,
AR EAN K Bkde: 5 O AMGRERRRENS £ 58, XL T 5+
SRR R AT R BB, XERF,

REFFHRERANGT, AACRENEIEFEFTEBOAT, RANAEX
PFEMBL— T o RAVEBLIAG — SRR XAGT 5 EHGIHRAEA FRAEY
KA. BB, Aok efd b, & XAFSMEa THAZEHIRISTE, mFL
A FIEM. AR @GTHR T, B AR IR T RN EHS L, TAR

M—EARAE, F@ZH—T. Mwasid, €54 E0 X RRAL, 2.
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B 315 #3) 5K 53R4T

BRRAG LR, —DNEFO RSO 5EXRATEELGH. REA
HHRRMBM G R T, B0 ERAT % — R EBOES, B4 E
B RAT S RBATH o E 5009 T o) — AR BRAVARA & A T o KF WA EITH
on, id EH L5 KF G &M RS @ILHoyRoge KLV 5 dEH LR, KN
— 2 LA

R KA BN, WG T, ARG @RV k0 SRR 09 HHAE, K
B| = AT AR IR E W AAR T E 95, MEAE T RRAEIANE . R BLakAR
&, RGWBIERNRAE . X8 EHAREE, LM RFTAFM. T @&

AR R AT, ARIBEAR:

SBE S E

[1]: [1L, %] [1T, 3F P]:
Cn CaUICa 5Can ] 45
Dn Do UIDn 5DuFl 4
T TUIT 5DmF
O OUIO 50R#4
Y YUILY

To be labeled

A 316 &S EH—



BB REBLFOEA T AP RSB, KA RARZILE SR I
(11, ¥]: [1L, 3F +¥1:
- 2n+1 - S4n+2 (6) | 4n+2 — C2n+1h (9)
Cn U ICn "__ 2n — C2nh ® —L—j C2n Iﬁ] #‘] l 4n — S4n @)
J' 2n+1 - Dypqq (12)
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

A 317 & EH =

T @BV L EATTH T AR FEAD, X 13 AAFE, L AR EA
FEFEAMHFL, thde 10, 11, SAVERMN AT AR 3.3 R EAr SR 69 BT
1%, BT RHE33GREHFIL, 12X 2 el FRTEAFIR. B, X 13
T R ST AL RS KAV AER T 460 A 9 FARIRE I L. T, EAVEA BT
BAZEKF, BT EZEFGAN:

1. 2FTUIT,

T 69445 2 {E. Cy. Cyv Cyu Cszv Ci Chov Cov CZ. C2. C2. C32}, .k

IT, &2 I{E. C,» Cy. Cyv C3v Cy. C3o Cyv C2. C2Z. C2. C32), 2

2 E BT R 8B

H A, A, AEHANRIT. LR RAGE LN T, F2lCy X e

B RIE BAE P 2F R 69 BAT & S AE S SR 09 Rk, SR AN RS & AL 3

KFGALE . ZIHERA T TARLEHN RS @, Hopst T S £ T e

BRIy 0. THEBELELSZERMAINRLGYLE, SIMAE

XANBFALILT AL Hy 0 Tyo
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2.

O, —#, A ICTEANBAE, BMNT AT B 6 F@ 2 HKPET, oyl
O RAFRZEAEE, LA Opo

Y, AIC,, et meyFdm T AKFT, Aonl Y RAFIRIANEE, 124
Yo

5D, R M 89 % — K BB, *TARBAE A

{{cn‘ . . EL L ¢ e, an)}}o

Coik AB 4 504 h 2 40, HATE{Cor CEv - Efo BefdpaI{cf?
CPy s V) mFCOEAFE L, FARATR AR AR R
oy, A VAR K vertical, B4 AA sk, KAVACy, RAFIRILA A,
50 RMegH K 5B, & REA:

{C3+ C3. C3v C5. C2. C2. Cg2. C32%. E. C2. CZ. C2)
e, c@. c®. ¢, . . ¢, cp.ocy. cdcEloB
st F Ry AANT B, RS A= Reh. B RFEARTH A4 RiEH
BB B o 5 F 4 RSN RURE B, RAVT AR = 7 & — T e b i 69 069 5

3
1

2
«
K 3.18 WixEHFHRLETEH

I B BAVT AR 4 REFH IR FNT 4 REFH BRI RADAZA



B RATE A b XAMEARY OFMG 4 kK4h, LRHATHE T z 4h:

B 3.19 O B 65 w9 2k 4

TR, RAFEIANL O BRMH R ERE, AHFF2RT, #HHWR
EIHS R BRE —ARE, RTRBLREN T AR IANBFHEZTRT . £
EARY, EA14eid O BAHHAKTMG ks, dECP P T/, TAE

[, 282 EHTRFBDYGRI @, XHGFERMNKTUARN T 5N
HHE RATIREIAEE T o
e %z & A, MaRNHLELTKF@GAE, 2ABFIFIL, oy
Gdo OyFLA—AN—MIgEAKF @ LA E, TERNELAL. mog, WY
RENBEF@RT ELTRFE, EF5KF@ EAASA_RBHG KA. d £
diagonal 89 % %o 4F M A MBEAN, KA AAGE, TAA—THE
CEFHFEY % 93 P3RS, K% Dresselhaus #F A «Group Theory
Applications o Physics of Condensed Matter» # % 45 T .
A E G O B =K 58, RMNATRATERIFIRT .

6. CLUIC,, n A4, TiLACoypyq UlConyy, ENFHELHAER

VORE LR EAR, — AR F AR KL, B
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{Cantr Chras v CEML = EJUIConaas Chyas v CERIT = E)
O A8 R B S AN AT AE ) R AU, R B — AR,
P AR KAV %, LA S4nsa0
PASe ], A AHE, EANT Aol — A6 20 b b

4

|2

6

3

s

1

[ 320 NREHRFTEH
INIXAN M09 5 69 B b, RAVIRE S 18 %8 69 AR B 2

{c;. 2. E}ui{c,. c3. E}
E5CRMegE X EBEFH—FHEIN, 5 2n A 4098842, Lk~ 4n, =K
HABEVHECyp A H K 58, TRXANEEACy, UI(Cyy — Cyp), EEA
09 BE LA

{CZi Chav v CE=EJUICio Chv . CHTY

X FE MG A5 S,n X AN RIS AVE A R T, AR — R,
BT AR R A5 9, 1A 40

PAS A, BILXANRAE, RAVT Wil — AN BRI FH LG EEA:



3

17

1

A 321 @R RATF0 .8
MIXAF N0 B0 A, RAVR A S 8 5w o) sF#REE 2
{cz. B}urfci. c3}
8. CLUIC,At, n AMBEk, HzhACy, UIC, . AN LEA
{Cons CBav v CBB=E}UCoy» CBye - CBR=E}

RXZ, BACy, XAHFHEHICH =op, EITITAHC.

9. 5Cuni2 AIM89H =K 88, BT
{Chnizs Chsas - CHRE = B} UIConszs v CRI. - CHE3

A Conp1 EANF — £ EBGFTHBAE, AICIT] =0y, B M™ITHConiino
10. Dy U 1Dy, A Dy 89 &SR3t #4845, AICH, = on, B TR ADypnpoe
11. 5Dyny, MAN 895 K 5B, B ADonyr Ul(Dansz — Dons1)o EADonp 894

TR, BB @ 4E1CINTY = 6y, BT AT A Dopyano
12. Dynyq UIDgn4r, A 2041 A8 RS @ICSY, - 1CF™Y,

AD5 U IDg A 4] :
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B 3.22 Dany1a ¥ #9047 & A
Adod =1cV. 6P =1cP. 0P =1¢P, HrELF KT @S E, K
MAEZXEZR d mARAR v, LTEACMNAF L RiGFH4% L, B FiX
ABEA Dgnr 89 241, XA G, EHILADonirao
13. 5D, FI# 89 5 — £ 58, Dyp UI(Dyy — Dyy), WD, UI(D, — D) A4, Dy
WA b, LEBAMEH GeACy. ), mAE NS K (T

HIC, 1Y), e £ A LTA:

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

A 323 Dypg ¥ ¥0q & H
fixwe? =1cP, gacl. CPergkr, AR, EABIADH

A AR, BT AT A Dong o



13 ﬂ’ ,}{‘\:}7 6 (S4-n+2) 7 (S4n) %ﬁxfﬁ82n7 8 <C2nh) 9 <C2n+1h) %]3
Xd-}—‘:icnh; 10 (DZnh)‘ 11 (D2n+1h) %KX%EDnh; 12 <D2n+1d)‘ 13 (Dan) %I;X‘J_

};:’Z_Dndo ﬁﬁ—yx{}\ﬁfﬁﬁiia&szn\ Cl’lh‘ Dnh\ Dnd\ CHV‘ Th Oh Yh de‘bﬁ‘:l) /}to

3.4 AR EF L = A B
NAERMZI B A, F—REH. 55 L EBUR LB XA 5
BT o ARAX LR, BT REARG EHRA—MNERMNDEFL—F 554
B P BRI R R —— R, RINNEEAFR— T SR Z @y 58, R
J& B EBRZINMRSHT AT A, F— T E0#H,
PR dak, @203, MAZXANMRALMEH ARG, WRTHESM R
SRR, FEINEMETLEZ ST P T R €4, CE2AH
) (HHRE) HFBATRE. BRER, LR T FHIHRME, 8%
SRR B LR 6943 5 s RUR AT ARME 09 S b0 R SR BT T AREEAE T,
B — A ERRF
AR BB, AT EE A (Lhde i F P 0 5B, REZH—ARE R
A ah ) 2 T3,
R34 % G ABKEH, N G PHAALERRERC, (L#HAE). C3v Css
Cys Co, FiARHRIFEAE, RERAL IC,. IC3. IC, ICq,
(IR XA E I 69 B4 o 2 F 2] 69 — MRS R A&, €A ZAKB R X6
Fad;. dps Az EBAMASERNY . Mk, TUEERRLEL LT, L E
m Hs £ R 69)
JERA

XL AEG Z:'s—fiéﬁ, Léﬁ%$@§%51\ 52\ El)3, ﬂ’]ﬂﬂ'VgEG, 75:
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3
ga; = Z C]-ia]-
=1

AN E XN AR LD, g X ANGFARY LML ML, B b D Ecyl A
o XAZRAMEL G Z MR H 094D R BAHR
w % —7 @, G & OQB)BE 6 T8, £ X &K KA Rikd; . d,. a3 A K9,
W A Hep R ERE C(g) 28 G kT4, 52 6{C()}#2 G i—4
A K A B Z A B X E 0 E 6 F45 8 2L T KR kR £ ek —
AT He, ATs T K513 . 3y Baf9taflEde, Are? EAMRM TR R AT
AT AAEAR 09 o AV {C(g)} XA AT, CHAFIERTF T+(1+ 2cos¥),
L PWREA,
EEHERF(CQ)—FTEF T i, H—FEFFH(1+2cos¥).
A @ ptite; A A, AR L+ (1 + 2 cos W) skl b Bk, ZAE M EX TP R AL 0.
/3. /2. 2n/3. m. #hEEHEAEAHC, (LHZ E). Cyv C3v Cyv Cq, #FHR
EHAE A 1. 1Cy IC3. IC,. IC4o (Csv Cyu Cg - FRRAHAE)
(JE)
AT ARG R, BEBEMNZAHGE—K. F K EH, RNRKRE
% Jnid
— B REBPTAEGKRPENYGRC,Z&EH9C. Cyv C3v Cy Cg, D2 W
#D,. D3v Dyv Dy, O, T, 211 A, Y REEBFLER A TH Bk,
SR EREBEET ALK R 8
1. Son ¥ #S,+ Syv Seo B HSuniz = Consq UIConsq, XA 2 & T AAII 2

Sy #9Se, S1o VAL RA A/ San = Con UI(Can — Cop), X E n XA



A1, 3 ESse (34)

2. Cpy (EDRMEIE =K EE) FHICh Coyn Cuyn Couo (44N)

3. Cpn ¥ #Cqn~ Con~ Can~ Can~ Cono B A Conn = Con U ICon, & T AT #Cans
Can~ Con; Consth = Cons1 UI(Cansz — Cons1)s BT ATHKCins Capo (5
™)

4. Dun ¥ #Dany Dans Dans Dgno B HAD2pi1n = Dant1 UI(Dansz — Dantt),
7 ¥AD3p; Dann = Dap UIDyy, € T XATT#KDons Daps Dgno (4 4%)

5. Dpg ¥ #9D2q~ D3qo 3 FDang = Dap U I(Dan — Doy) T AT #KD2g ; Dongrd =
Dypsq UIDypiq T AT #K D30 (2 4)

6. T,=TUIT, (14)

7. Ty=TUI0—=T), (14)

8. 0,=0UI0, (14)

21 NG K EA

W& e e — A A 32 AP AR BB, BT SR, B 893S 5 IR AT AR
095 A, 4B T 32 #F B BF. AR X 32 A BB, BRAVET A AR AT— A
Koy, BAAR EHFG DR, MR — LRI, thinirshid, 32238,
e, IANEMNE@REWELE T3],

MR T AE 32 Fb AR AT S AREAT K, X 32 b BB, IRYE S A AR
BAE PR K B AR, X 32 AP B E T ABAT — AR 40 TS OL Tygs Tys
OniX ZAF EBEA B, BA X e ARm ey fik, SNARA 4 MZkbh. X4 2K
B, AR A E AT ARNE 2R — Ak, RiNde e h — k&, XA —

NE, BRA—ANBFR AANZRGHAZLT B F, SN HERPF TR R
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B —ANERAR, EMMERE, Xvy.s z HEF SN ke BT z @iy,
213X yFh, z8RECNAEFN, EROG—ALEEARZRERE—ANT8 (2
Hh) A9 OrdE o b SR At S BUR S o P ARBRAE 09 AR L E A& XN ARG BB
R —ANBER, @35C,. Dyv Caps San Dyns Cayon Do, RN AWF Z.
A4 4 XA RR? ZAT MG, RFAT T AR M) 09 2 SR F
K, TF XHE. FFOTA4E. Bk, ke R IR AA/E R E &R R
LM I — R EIME G SFAE. Ty Oy Ty Tpy OpiX ZFP B, EMNHA 4 N=
KEh, MR ETAE B GHAEAX Yy 2 A FN. SARTEMGHAAL
A, €M 2RIE, RIERGISRBAE SR AT, do 2 A8 = k4h. &
Hh R X e b B A A AR BRAE 69 3 AR U FE L R AR AR B9 B, AT A4 B T S AR
AN BB iy AR XS AR 69 FR ]S S5 M) BT o X e AR BRAR 69 AT AR U 69 2 B A AR T LAy

BAAH (B by & o Buy, RXALTE) KBE &,

1

rd

324 BREHXZTER
T @ AN B IX LA dh R 6920 (PR G937 L F a9 AR ME) , AR
CA SIS B A B, AR R IE 32 A S AR B AR AT A%
1. =4} A& (Triclinic Crystal System)
BAP AT, TR EHGTHRATOERRRELE—EHDHR—THIIR

H A



L@ eyt , R AV ik L AR R BB QA S, = C UIC,. G AA,
A FRA R, b CRAETRR, kAEE, ARH 90 E. Syt
89— TS RUE AT ARME GG F L, C A dh A PR R F . Coxb 69 & IR
A A E Do

# 44 5 A (Monoclinic Crystal System)

BAF SR F, TR EHOTHRATHERARE NI OGLE T
E— S E

e Lmagatid, AR R EH O

1) F—KE#: C,

2) H=_RKEH: CLUIC, =Cys CLUI(C, —Cy) =Cqp

X ZFF EREF, Cop AR R o

ARSI, XL azb#c, a=p=90", y#90°,

. 1E & &4 A& (Orthorhombic Crystal System)

AP dh A F, TR EBEAAR AT EHRA =AM L& A6 = F a4 K
—EHFHRIE

£ Emagitied, #HREANR RSB IE:

1) %—RE&#: D,

2) # =% EB: D,UID, =Dy CUI(D, — Cy) = Cyy

FEIXZFr EFEP, Dy AR RS

sARA S, BLZ: azb#c, a=B=y=90",

9 7 an 4 (Tetragonal Crystal System)

A AF, TR EHOTHRATHERZAE—F R T A W T
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K9 F 4 FUE S

L@ ITE P, BRSO

1) H—XE&#: Cyv Dy

2) B R EB: BHEMCLE LHCLUIC, = Cys CUI(C, —C)) =S,; LA
H D, £ 4D, ulD, =Dy, C,UID, —Cy) =Cyy~ D,UI(D, —D,) =
Dygo

FEiX e EBE | Dy AR RS .

%

AEpe, K% a=b#c, a=B=y=90",

=7 dh AL = /A & &, Trigonal Crystal System)

AR F, TR EHOTHRATH AR AAE-—S R T OA =T34

REFHIRIRT 4o

ey, #HEEANR K S I

1) %—RKE&#: C3. Ds

2) H_RKEF: @IEMC3HEZHC3UIC; =Sg; AARHD;HE A 49D UID; =
D3gs C3UI(D3 —C3) = Csyo

FEiX sk E B Dyg AR & &

S, ABRAFRE, H—FZa=b#c,a=p=90", y=120"; KFa=

b=c, a=p=v=%#90,

55 4 & A (Hexagonal Crystal System)

A A Y, TR EHOTHRATH LR ZAEE—F R T OA ST

RN EEHF IR

FEmeyitit g, HRXANRRY SO



1) %—KE#: C4 Dg

2) Bk EB: B4EMCth £ 8C UIC, = Cpn C3 UI(Cq — Cg) = Cap; WA
B Dg £ #9Dg U IDg = Dgp+ Cg UI(Dg — Cg) = Cgyr D3 UI(Dg — D3) =
Dap, o

FEiX sk E BT, Doy AR R & o

Wi Z @, a=b#c, a=B=90", y=120"

ZHAENAR, G ANKEES A FUEIRET, KA ER RS

FEAT £ 5] o CAT 8 AT 89 2 ) B RARILAE E 4h 09 x4k B, 3355 A R 2SR

7. 37 # % (Cubic Crystal System)

AP dh A, RF) BB ASAR A 6 R A =k A

FELE@megitie P, HREANRRE SO

) #—%(%#:T. 0

2) HokEB: GEATHELNTUIT=T,; XA HOH ZLHOUI0=
O TUI(O—=T) = Tyo

FEiX S EBE . O A AR R & o

put
m

&, a=b=c, a=p=y=90",
AT X MkniR, RNV Z L i AR VUG FAAT AR b, de R E R ERAT R
AR AA 4 $ & (Crystal System) ? B 89 5B R A X? /43889 2 4 & %o
AEEZMART RALRKEHEAMEL, TV RETMBHLE. LH
RTRMI2 A SR, T —ALE, CAETELA, RMMAETAYI. b ¢x
H 8% Z K, W FWE. by OBARMAEK, AMNLRRALZCTHTRERAR
o VA5 dh B P HOLBE A, 4o R AR HA. by OB RN SEETREART,
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€ T AT R —FF AR o R EAVIF XA N @ ARG RS e — AR T, T AT R B —
A d AR, XA AR L& O 3T Rk e NS A e —ANR T, BT AR
BRIR B BEAT AR 69 ek B R D —Fb AR, X AR R AR — A0 (T R B
—H), 2EFHLHAXHMLE TG R ER . BRHRXMFZR, XNE
BING — A, LS (A 423E4F Bravais Lattice) , — & 14 # . $5] J&,,
wh T — AN A B G A A
Forl @3 5B — A, X 14 NAEAL R 5 A]E T AT @ R AR 2] 69 £ T & &
ARG, A E A 7 A b & (Crystal System) , HAF A8 JUAN S8, Aofe —AL A48 32
ANEAf X E AT A A& R A (Lattce System) , FAY B8 LA R 32 3E45F, Mo fE
— AL YN 14 N A IEAE T AT\ T AR dh & (Crystal System) FeiX 249 7 Ff & 4 R
4 (Lattice System) KERH)HFE, BB AR, XRZLAMBE—T. mi, 2XK
T R EBR AT AR AT SR8 5 K B g Tmh R B BE P X ARBRAR 69 AT AR T E G
ARG, AT ARG R ) B AG AT AR AT S AR BAT R - R, B A9 IRAE R .
FEmMPLI A LR, BN — b, AT @8 7 A+ 8 A (Crystal System )
2% A Triclinic (=4}). Monoclinic (#4}). Orthorhombic (iE %)+ Tetrogonal
(m@ /). Trigonal (=7 ). Hexagonal (554 ). Cubic (&L 7). X ZH 7 Ffdhts
% % (Lattice System) %] 2 : Triclinic ( =4}). Monoclinic (#4}). Orthorhombic
(EER)+ Tetrogonal (79 ). Rhombohedral (3 7). Hexagonal (5% f ). Cubic
(5%)s R, iX % F 2 8] 49 Triclinic ( =4}) . Monoclinic (#4}). Orthorhombic
(E%). Tetrogonal (w9 ). Cubic (7)) X AMRTA—H09. £ HILE
& % (Crystal System) W 89 Trigonal ( =7 )« Hexagonal (5 /) #= &4 % % (Lattice

System) ¥ #9 Rhombohedral (% 7 ). Hexagonal (/) L&, ©MNZ A X Lo



PAJg AR AN A Xak, %] Rhombohedral (% 7), HAT— R Zil5te9 2 M4 R 4%
(Lattice System) , € 4§ 89 7 Bravais Lattice #9 4% ; #{%] Trigonal (Z 7 K=/ ),
ARAT— & F4nild 3169 & Crystal System, €48 8952 &b & 894K ; L% Hexagonal (5
), BT A3 dh & (Crystal System) L7 VA35 §h4& 2 (Lattice System) o /& 7 3541
Al AR Em AN LR X2 BT AR BB BA. S
A% AT LR, BRI LA, I8 14 hEESRT. REBIF

mABeNZBAR NG % MBEZ A6 £ FR,

78 & % (Crystal
System )

7 M E R &R G

{ Lattice System

EPELEC: 14707 fUIERE T

HEE S A= (B A

K325 dhA. AR 5B AEEERT. ZABEXZATER
AZEANEF, KEEE, ¥R Z AR, €T ARG BT AR
B T LAt dh & 89 —F, T ARYE = R BE A AR GLE T i R P 89— A
LAk dh AT T T INAF 4 32 b BB, LA b4 (Lattice System) ¥ T VT U 4F A 44
14 Fp da s (W E23EHT) o EFE A EIFETIRTUMEL S, A h =
&, %A (Crystal System) Fodh#4 2 %2 (Lattice System) 48 58945 & &) # 4
B4, AT

Fe 5 14 FpAR AR IEA T o932, RAME RATAT EANASRA R LE &6~
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AR, EARS, @O EGRER G SEATREMEGELE T (FTRR
FEE) MR AT, TH GRS, BEF X LB, RANTA* 4
14 A A 32 3f T o 3T XA EAR, HANAHAZR:
1 AR T WUE RECE d L6y BB SR (B MR ARG, 2do. X4
7 3 3 B B ATAR B HEAT)
2. BAR T VG, AT ARAREE— I WAL A )N 69 5T OBl B B AT AR 49 8 I .
T@, BMNAZFA L Ab], H—TE 145 EFEETRE L B R
1. Z4t% 4 BERazb#c, axzB#y+90,
G RILT, e RENAERS, @OEhgE, RIERKRI Z 8

B S BEXTAREG) dh i, thde T E

T

K326 =#ETFFH el
4R AN =45 A R, SR RIEMER, E R R A ERTF R
H—No BUREHITRT, RANERRAERER KRB GHETHRA HLET,
it A P T,
2. BHMA: HEZa+b#c, a=p=90", y=+90,
AXFG =N AT, KT P#ET, o REAE LT R@ QP8 —AMEA,

EMTAEE H — /NP KT, wH:



\

W

{327 $HH4ET S hETEE—
S0 R BEAVE — AU & 69 & S A AR, AR RATT AT B —ANFE T, LA A

T ENNY

B 528 46T FF AR EE S
e 55 — A & 89 85 A A R ) — AR
b ot 4038, AT 6 S — A, @ E N

IR

//////

B 320 $4HEF ¥ FO 5T EE =
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Jo A =AM & 69 & B B Ae A, T A E AR AF ay b A B RS T

U
®
////4
o
- {{I‘\

A 330 #HETFFHATEAD
WA B B =AM s, ) 35 BB AT R 89 O XOoR #EAT
He—T, dMPEAaIK, FEFEERTHREAP 5 A B,
3. EX&A: Hr2Zazb#c, a=p=y=90",
P ¥ IR 4
FARAE AR & S e ANEAT , L E IR AR
WS fs i, BARA AL
EANE S R I iR, LR E L
Bzt ERA&F, APy Av I F wfbh 35 3E44

TR ELTH, RERMNFRIH—KA:



ARERT

i & i (TR

=HEE

afbfc
af p#yF00

Uil s RS
atb#c
a—p-00"
¥ 790 tHF120°

1EAE o 7

atbh#c
a =y 90

[ ..
.,
yavm = =

i

i

\..

P AR

a=bte
a =y

SRR 12 13

o=
| @
I

A 331 ZFEFERTFFEHR
— A 14 F A I T
o, AT @23 494 & (Crystal System) 5 fh#& A & (Lattice System) #9 £ 5
BERXEHARILRT = A L5xAM A, L€ 2F & & Crystal System % Lattice
System AEA T A TS, 1-9. 1214 2 2 FHF o3BT E—A&Z, B
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B89 W T

s =y Anox A dh & (Crystal System), & Lattice System 89L& P, ©A169%

&%t B % 7 #-F (Rhombohedral Lattice) 5 55 # #-F (Hexagonal Lattice) #9 &4

{248 Z 2 ) AMEFF R AR £ =75 db & (Crystal System) #) dhdk o, 1RIEHE

F o IR, A 2 S R 4 (Lattice System) /& F & 7 4#&-F (Rhombohedral Lattice)

89 e R, A 2B T 5 A #5T (Hexagonal Lattice) 9 dh 4R . 55 A dh & (Crystal System)

#Y AR AT L B AR s R P B T o A4, T (Hexagonal Lattice) #9 dhik. # &) 1%

W, MAFTOZTRHAM RS RARETRT, —HPRASART. M~ A

i A M AR RN AT A ARMN T AR, ot

ah A & WA FERT | SRR
=4} 2 (Syv Cy) 1 =4
4t 3 (Can» Cav Cyp) 2 4t
Ex 3 (Dyye Dye Cyy) 4 Ex
v 7 7 (Dgps Cyav Suv Dyo 2 v 7

Csvs Canv Dag)
=% 5 (Dags Sg» Cse Caye D3) |1 % % Rhombohedral
Trigonal

1 7 /A Hexagonal

< 7 (Dgp~ Ces Cape Cepe
Hexagonal | Cgys Dgs Dap)
B 5 (0pe Tv Ov Tye Ty) 3 EX
37 FE 32 FF 314 F 27 A

£31 MAHRBERAAMEIX A




FEXANEAEE, 2D WG| & 7B, AT EBHMARE BRI 6,
BRI, REET BERA, REATE BRI &R 23R
(e 5F8), INEZANANEORIDATH=ZFE5XxAfmER AT
E 5 A ) E AL 69 RAR AR A

%G —3 o F A& 69 2 Hermann-Mauguin 455, 4% B 77 &2 % |4
AT O EFF T B AT AN 5 FATARER L 6 B1E, 47 &) T 7 A& A4
55 XF dh AR M) Fh ik 69 BH4E , 47 %) T A Hermann-Mauguin #5 5, | A g # +f 74
X ARG Fa iR T AR

X ANE R AF 5 69 IR AR BAEE A R 500 69 4 3T 8 R ARIT S AR A AR X
b Qe LA b S E RUR S, AT 1L 2. 3. 4. 6, HEHRIEME

2. 3. 4. 6. ARXAMHFTF, BMNAEHRIH @SS Sov S3v Siv Se, BAE
AR REMMY AR S, =2.S,=1. S3=6.S,=4. S, =3 (TXxAHTSH
W), IXAEFR, HA#hdeid 2 SBHARRL S T L2
1. Sy. S4v Sg: 1. 4. 3;
2. Civ Cyv Cgv Cyv Cg: 14 20 3. 4. G
3. Dy: 222;
Dy: 32 (A—4R X6 2 k45T HEH);
D,: 422 (B ks FRRF£);
De: 622 (Bl ki rR£);
4. T: 23 (422 K4, 3 REAFL);

O: 432 (Z4h 4 k4, 3R 2 RAFA£);

AT A R AT A SRR R R TR ARREE T AR TE
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5 Cyp: m;
Con: 2/m (E4hAH 2 k%, m52&H),
Can (3G 7 RS3): 6;
C4n: 4/m;
Con: 6/m;
6. Cpy: mm2 (T EHAELKF@mEHNRAT);
Cayv: 3m (=ARH@EFE);
Cay: 4mm (KA @ FFX);
Cov: 6mm (A& FFX);
7. Doy =Dy UID,: 2/m2/m2/m (=42 Hréb#h — NG5 &AW RHE, B
METREE);
Dyh =D, UID,: 4/mmm (BRA L £hEH, AL I 8a, Lidx
)R m o E);
D3y, = D3 UI(Dg —D3): 6 m2 (654 4k, m it iR AT E, 2 A —Hréh);
Dgh =DgUIDg: 6/m2/m2/m (6/m K& 6 i AR 52 & A6 RAT & , 2/m
RA2HHAR G52 EAG RS E, 2/m AR E);
8. Dyg=D,UI(Dy—D,): 4 2m;
Dy =D3UID;: 3 2/m;
9. T,=TUIT: 2/m 3;
Tg=TUI(0O—T): 4 3m;
10. 0, =0UI0: 4/m 3 2/m;

PAEEMIEENFE 0 F, SREHRXA. BIRFTEANLE, SRTE



A EA:

B (h@stiRe) e KA A5 ) R A 5
ZHF (S) > 5
Cy 1
BAHE (o) Can 2
C, 2
Cin M
ExA (Dy) D,n 2/m 2/m 2/m
D, 222
Cyy mm?2
=% (D) Dan Himmm
C4 4
S, 4
D, 422
Cyv 4mm
Cun 4/m
D,q4 4 2m
=7 % (Dsq) Psa 3 %/m
Se 3
Cs 3
Cay 3m
D, 32
<# 7 (De) D¢p, 6/m 2/m 2/m
Cs 6
Can 6
Cen 6/m
Cey 6mm
Dg 622
Dsp 6 m2
S (0)) Op 4/m 3 2/m
T 23
0 432
Ty 2/m 3
Ty 4 3m
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RICEIANAEFET, £XRTRHREFALGRABRLKERNET. 5
FEXABE T RAR— T —MLAS RS KA @A A C A BB —
A AR, BRI, REIME6C &, RREHEM:

1. A IR E 3% B A AT A6 2

GENHESASINEID SERia P i E R e S i) e DI

€0 RIB AR B Sr, XA i L ME L SN B IR B 6 T A,

WA R ERYE R T, AAEH LGRS, INEZREE LG AR GEFR

EEMEF, BB FRORYE, L RREH A,

2. &argik?

RAWAGRERIGE. —RAEDIRNGAEN Z2RE LET— 5, £SHG W

B A RAE T A9 B 09387 & AARAN L 698 G 89 B A AT AR RAF 69 334k

FE, AEFRE@GEY
3. EXMABZHEELF?

S B St ey —ANEide k£ G FPHIAAENERT, 356G

o

g,

FrifEad, sARXANEA G PHRGTHLAE], ZHTH G Rl T it
G W BB STARBAE 69 2 AR L& R e ko

LT ANGE B 49 5 P A& Sr 89 b FaRat, RATBARR 89 iR A XA B s L

HARR, XL HE RS ECERT



A 332 A FEAY Tl —

YK AHIE Bed s Q f Sttt Eaket, RAVEIY 6 IHE 2T b it
Rk, AL AR SN ECHERT.
%ok b @b, BLU A b i bR B T DU AL @ B I A A R
6 &

) 2 B R T A A R A AR A AR LR M B E L 88

4. M EHE, €©h5EFRAA XK, BMNEKRE LR R EE 5 LF R
RENBRY, 8L
YA — AR GRF@ELNG M @EAFT ERYALGRE; KFHR
S R A e A 494 B 5 a9 RS B R A G i

5. s AR, KN, RIVEASGERG T EMEY. KT,

Ao B 5] 69 AR X6 F s & L — R AEANSRY, 3. 453 RIH 469

20 3A 1@ c @
34 i®P @
K333 BAHFEHRYTEEZ

6. HAEAFRARE SEFGPTA SARBAEG M UE, IANASERFSFREH
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AE 95 7 B BE 0 N AT AR UFE TR
&L T
1. C1#, ZAEEMNHRLE, RELAL—ANEKT U, E£&E—5, Hidg Ebsk

— %5, TS A

A 334 A A @EY T EEH=

2. C2B, H—/—k#h, St L& — S HHmAE, 3 180 B, Bruli:

ol

A 3.35 MA@ T &

3. C1h=C1UI(C2—C1), Xd‘}ﬁéﬁ@ﬁ/ji%

O

A 336 At F@aEY TEH

4. C2h=C2UIC2, Xd‘}ﬁéﬁ@%/;ia&

RO




5. S,=C,UI(C,—C,), ¥ ptEHZ:
()@

A 338 A F@mHEy ~EHL

AT
NIAN

A 3.39 A F@EY T EEN

7. Dg, Xp6yEZ:

A 3.40 A FEHEH TEEANL

HA B AT R

182



= # # BRAR CGE 4D L i #

X 4 ) dAhysh
R w

m 4
(1) ‘
JIIESEH |
s 1 /

X 1
(&)
R R (BE 4D
/// \\. // \ ’
al el
AN /// ; \\\ /"/
2
/ T \\\\ /// N
\_‘.‘. ;/ ‘.‘.‘
Xm || ;] ‘. ;;
N AR P4
m
X2
(f#)
Xm
(D
X2 7 ofo T~
ol / N
Xm |/
' |
ﬂllx‘]rﬁ l"‘-\ ;‘."
RATVYSH BN /
v R

Xm I

(&) 2/m mmm 4/mmm




&

/~

\
£ \
|‘I‘ ‘I‘I
\ / o
x Y
\ /
N .
. -

. o
) A ) )
< 2\
\
| |
. Q
- _C) '_4 -
4 ¥ ‘
—_ N - —
///' "\\\ ' - ‘\\\
|‘I; "‘.‘I ‘.‘ "1|

X2
1D
ok

O :

ok

W %
Xm
(#)

Xm f;
T #

3m

V| o) l/ \I
\@ ® \\
A oL AN
— ~—.
6/mmm

Xm -
() _
31
X2 -
e

A 341 A FERYTEHILE,

M4 B LAY TR T AT, B AR

Hemik b R R A
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REH#H—TEARE, X2 MM LABIR?
BB, KRR Fni 2 RE BT SRS x AR 09 B, *TARBRAE A R;
TRBER, RAELRT MiRESHGEMA L, RINEEECH-FBETRIETR, A
13 5] 69 B A STARARAE T R 89 BE o 2PARARAE H{RIT, RARARIGHRE TE 3 A
%,
AT, A& RAVGE ARG BTAR , RN T EARIEIT LS 69 BB, T 5 R
THrdh R BT, RAVET AR 7 A S R kR 9 14 F A 2354 T RAVAT
mARE], BB TR T LA A A

AL T & A AP, AR E ARG, @S ZMT, BT ALAT. 0 Ty
Tgs Op Al BB, LiXANHRE EBEA T B, AT ARG 2, Ao, @O A

e T, A RAVIFE) 9 ARG —AED? K22 RAME, URE, LTHA:

¥ W2 A% # (R 3 + n,b + nsd)

S P#&F
14+ Z i aE % (RIngd; + nyd, +n3d;}
HEHF Z A aE % (RInd; + nyd, + n3ads}

B 3.42 = aB Ak

HRREFRIT—H. R, BAREEE O B, HAM TG, Ui



H, AL FHER, BN RRAERBIFHLGHELE, KRNATIREFH3IX5=15
Fp o 18 BE

NARMCAT @ITH B A FEERT. EEHEOBZXZEE L, H—A

) o944t
A BB A ALIEAET | AR A o) B2 Ja) BE
=4 2 1 =4 2
3 44 3 2 3 4 6
1B 3 3 4 1E 3 12
Ui 7 2 iy 14
=7 5 1 RIr 5
Trigonal Rhombohedral
5
1 A
~ A 7
Hexagonal 7
Hexagonal
ST 5 3 iy 15
It 7 F It 32 Fp It 14 F It 7 F It 66 FF

& 33 [ BTSN
R AT A E 66 FE B, AXLETHAMLE, FHLSIR
A RN TN A A ERAE ., AT R, BE=0, kAR, {R|0)
AL B F A LE . ARG R BERAVAR A S A B
Tt F 2L 09 & i A 2 E RAV F S B e o KB R KR
T o FEFF L B R R R L 69 66 B, mA T3 A, AR E R
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WA IEEAT, ©E5EHNE ST AR E—F. thdwiE T & 0 RCHT, &AM
B A A AT MR, ek s Fe i @ m S HRGE — AT, 125 E 50, =
CoUI(Dy —C) AR, W RIRESHA 2 4, XAMETFLHEGEAHAR
—HEg . AERMRX T AR ZR, EMFEATAESLE TH ML /B PTALHY
S R B AR T3 AN

Tk A, Ak, (RIGEBEDALS Sb—F L, AL
R BTSRRI EH R RS, mA TS BAE. thde T B AT E
i
1. 3% (Screwaxis), WA RALZIFGRA, BT T RN T AR

J&, BEHEENIE—ANFH, RAWET H5REARTHHRE. oo

N,

K 343 HaehhTEH
ARG S KR R KR 2 B R R & B, B AR R A LA R — AR
A RAGALE . ST a, 1253) 60 A a2 - TFBLLAL
AR AR . B TR R 6 R B A ERIGF 6 R KT A SR IRAL. 52

ABRL, PR ZARBAE 09 E R BT T R 2 1 B



2. ##-F&@ (Slideplane) , 3§ 89 Z3F — AN F @ A BRS, B-FH—A/m, o

=

A 344 BHETEHR

RXEL x @4 a BRI, T4 a2 R mXA a2 5@ RHE

SEIAT o

Jn EiX eab R G, B ARE LIRS . XFPE P AR AE AR
o QA TR BASH I 2 B, RAEMETWBE, ©H 157 F. BH
Ao —Ae R 230 #. FHEGIAFERE, £ 19 2T Feh B o) — 2 fRE R,
BF RO R, A2 KT T A F I R JEF A BB 09 X ANE | 5k
FHOh TAE 6 —ANE B K5 K, ™ Leonhard Sohncke, B8] & 1879 5, i 7
66 # = A Bf o X ANF RAVAT @ B 09 18 1T S BE AR T A9 46 £ AR89 66 FF R KA —
A, B S B AR RAVIA XA AR, by 66 AR RBHELE, TAH—
BEFZHENL. 2ENTAEZEFRTEE AR XA FHEE A Fedorov #972%,
HANZ G AAAD EIR S, 12 X — &R HEILT, 45T 1891 55 1892 £ 4
REZMBT ZIAEG 230 A, X 230 A F A, RIBA @RI GHA. &
R AR S F LA

i AR B A | ARIERT ah 1% A 4

=4 2 2 1 =4
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24 3 13 2 244
ER 3 59 4 Ex
w9 7 7 68 2 w9 7
=7 Trigonal 5 7 1 % 7 Rhombohedral
18
1 55 A Hexagonal
~ A Hexagonal 7 27
b 5 36 3 b
H 7 F H 32 A H 230 A | A 14 F H 7 F

& 34 EABE Rt
AN E 2R 3] = R B AE, — B2 EFE CHEFEAS (Hermann-
Mauguin 4 5), &G & X N8P 69 s AR BEAE(RIE), 8t X s ab AR A%, 36T hde
R LE M RS o ) I e AR AR RIG AT AV R b 0 F S5 5 L AEF
AR, T—FRMNABEmAN2
=0 BN T KR AT ARBEAE N KA, A — AMRIF A Rk, ® Bilbao
Crystallographic Server (&£ google ¥ #r A\ Bilbao Crystal 3k ¥ XA4% 3]) [24]. #AX
AN 3E)E, A A GENPOS #9337, S ANJG HEM ARG = [ 55, thde 122,
150, FrA 9 ARBAERRE R T o ARXANAWIE T, RIETUAH LA HANE B
ARG A ZW R AT, ARMR S L CHRMNAGH T T AR D 6942 & R,
AP 35 B3 e T KT Ja @ RAVLZBF 69 SEE A B AN U I AR R AR AR R
A A My VAT S0 P AR R 69 A 2 1) B R A

FeE AR ET S, ERLF AR

VORARMBAE—F—AFE (RALTREZTPONKRERRS) HiFH,



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

2mA RO TR, XF AR AR SO

H T XBEARBAEG, AIRR S LKA IR, NS RIREH R 24 ik

-

5

‘&
1)

RFEN R TILE G SBARE R B ARN1T A0 FHERATHEAR T, A
B BEATARBAF RN — 8, W RFENRTFCLEEINT, iz, wREAH, K
B, MmA B ARG ARG . A, —LBATARAE T | 8 R (Phde
Material Studio) L2324k R ko B Z LA T F 20 A 2y @it 69 AL AR,
HBh T AARAIE KT o RERAVAL S A X IR, [ A X sk dm iRt 69 B

1, RAVIA AT AT R4 R 09 K E-09 3RIR 3%

3.5 SR EFHGRTHET

Re—HyRAMREBORTAHRT AFIZNAELE, £AE B HHEAT
—Fp ARG EE, KRR RIANE T, RFFEANBHRZT L, BOWECH %V FE,
HRBGSEFN, REACNOREFN R THERTANL? AL BFXLER
FWATAHAT, EMNT—F HL5ETHFE FAEmily.

BITH MR EBO R FN AT HRTEIANMESF —FRTAN, BARMNA
32 APk B, 12 PR B, RATZAT B — 2 Z T LUK T K K F LA F
M, ILEZRI@EYE—ANARLE_FTELHH: AREHEG=G6, Q G 8T A RFMN

ATHET, TRAHG G RFN T TYHATLE FAREMNET T 2R

b

3.3: BBZAEO, . S EE. LAR. SENLEIRAMG RS
L85 — R 5, XRTREAEH, RERMNTHA G HE —EEHGTFNT
THRTRAG T, BAKTARA RGBT T 33695 855 = 519357

HEFH KRBT FN AT HRT
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http://img.chem.ucl.ac.uk/sgp/large/sgp.htm

#H—RKEEA 11H: Ci. Cov C3v C4v Cov D2y D3y Dsas Do T. O, Ty
EAVR——3bFe X 11 AT L —&.
1. &K Co#f, ZEHMIAAHE, ENTDHE, n BkA 0 AL, LA n
ARFEMRTHAT, dHAERTa, CHEATA:

AP(a) = exp [(p — 1)2ri/n]
:/}:j\:‘cP |y 7%2:%;/M\Z:Tﬂ-ééiﬁ:éﬁ indeX7 76 1. 2. =--v n ‘:Péé'—/l\é'&;o

XN FE K EEHGAAFFFIARELIET

2. BNAENE DA, BAWOAMALE: e Sz HATANEE a. X M
AE94RE by By S 69 3R4E co
{eal RCHARETH, BA z X AR AT A ELELE x 5y,

Fl 32 {e. b}4.&, H ab=ba, X#£457ED, ={e. a}@{e. b}. {e. a}5{e. b}

B RFAEAT A A
c a
1 1 1
1 1 -1

R 3.5 I PEIRAF AR K

R A Dy 89 FFAEAR A FEAE

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

& 3.6 Dy BRAFAEAR &
3. DB, HEANE, 6A4ALE, GREHIRETE, &le. d. I}, DI/C:AH 5

ZINHERAE, TRAT AdBANERT. BWERTHE, 17 Aso BRI FFIEIT R



1{e} 2{d} 3{a}
Al 1 1 1
Ao 1 1 -1
Az 2 -1 0

%k 3.7 D, B RFAEAT &

4. Da#, ZANK, A

(E}. {C,. C3}. {C2). {cgl)\ cg”}\ {c?. ¢}
S?+S2+S2+S2+S2=8
& A

Ds BA R F8: {E. Cpn CZ. C3}. {E. C2. ¢V, cP) (E. c2. ¢,
CPy, AWM EREANRE TR AN TR E IR E R, T35
D B 2] Z B SRBE 69 ZA R A WA, PSR, FEEHS L=
A—2 e F AT

ZEHEWIERKRBINRE —ANfRT, FEFEFREA:

HE} | 1{C3} 2{Cy | e | 2fc?)
Al 1 1 1 1 1
A 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 DyBRAFAEAR &

5. De, H 12 ATE, H:

(E. c2. ¢t ¢, P, ;a3 P el oy
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EFar A2 D, €2 DI RETA, 5@ 6 NBEHER. AIANR

SERCZAR—EK (EH5RLENRMEDAETF, 5 Rt & A A

Fliestsh Rk @B P L EBALR), AR{B. CCloR—ARE T2,
De=D3®{E. C}.

112 . C/HZ .

T2, #{E} (CV. CP. ¢h (Ch CyL Cy Y (CR C

CY"2ym AN £,
SZ+S2+S2+S2=12
iR A

TeyrEFa2: {E. CV. cP. ¢y, o TReHms, TUEE—AZ

MWAESRBE, ZNRIBEA = — AT, PTRsed A 3] As. RE—ANZ4%

R THIER £ A IFE:
E ' 2
{E} 3c) 4{C3} 4{C3
N 1 1 1 1
Ao 1 1 € g2
A3 1 1 g2 €
A4 3 -1 0 0
% 3.9 TEAFIEAT A
Fa— A, REFRAEG—A, OB, H24ATE, 55k

1T R o TN 0 0 SN {0 AN o N o LN LN 0 < N N AN WAL N

112 . CHIZ

{Che CYv CY'L CR. CY3. CYBY. {C2.
S;+S;+S;+Si+SE=24
A

S].:SZ:]“ 83:2\ 84255:3



OFREFHT, ab:

{E. C5. C§. C5". C5"\ Ci2. C’3’2\ cg”Z\ cg’”z. Cf\ C;’z\ Cf{’z

B @it O/T WAt 5 — M AR sRBE6d R4, T AR5 B A— kT,

—H R T E XD RAT A R AT @B EF R T A

FAVER T B, XA O BHFHGEBE G — kT A, 175 O B —A
kT, RMBMOFE, 2O HSART 5EHREE, O={gl. aT},
HE g RPEAE, g h Ak, RAIR g=C,

T#HLO#X AL

EMAN A HFE TR THERE:

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

o

—1\: -1
B(g.co! ={ AZ(giggj )lfgigg]- ET
(glgg] ) 0 otherwise

(1 if ggg'e(E. C2. C2. ;2

Ar(giggi') =1 ¢ if giggt €{Cs C3v C5\ C5)
e? if giggit € {C#. C&. C3%. C3%)

FAR AKX (2.12):
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X' (@ = %z trB(tgt™)

teo

XEmATHH, BNRESIFF:

U(E) = - Zt BUEt™) = — 241 =2
W= LT 12 =

teo

xVU(Cy) = 2EtrB(tC3 t ) =—-12-(¢+¢&2) = —

teo

1 .
1U(Cy) = EZ arB(EC,tY) = 0

teo

...... thl,t_l ¢T

. 1
KU(CR) = —Z BECA) = - 241 =2

teo

...... tC'Zt_ E{C . 112\ sz

¥ (c(” 1ZZtrB C(l)t‘1> =0

teo

IANFFRTA O B AN KM T HFEARS A A 20 04 20 -1, 0. AR,

ith A — AR, ARTHRT

E 6{C, 3{C? 8{C:

{ } { 4} { 4 { 3} 6{C§1)}
Al 1 1 1 1 1
Az 1 -1 1 1 -1
A3z 2 0 2 -1 0
As |3 4(C *(c2 +(C

X ( 4) X ( 4 X ( 3) X4(Cgl))

As 3 x> (C4) x> (C# x°(C3) XS(Cgl))

% 3.10 OB 4FAEAT A

RIGHM T AN RTT . Rixfebdm—#, TAMNAFFLAT. AL



AT MR T, FH O MRTRANEN. CHHFIERFL:

UE) = 1 Zt B(tEt™1) = 1 24-3=6
X T 124 r 12 =

1 )
KU(CL) = EZ rB(tCyt1) = 0

teo

------ T 8 =% A7 PCy RIEATEZ R

1 .
KU = EZ rB(tC,t1) = 0

teo

1 1
xV(C2 ——ZtBtC’Zt‘l =—24-(-1) =
( 12teo rB(tC“t™) 12 (-1) =

...... C’Zt— E{C . 112\ C/HZ

(1) @, 1
¥ (c 1ZZtrB tC t ) 0

teo

BANGERTHRZRTHN o RECABAN Ad AN As 69 B fe, 3T REG Ag
K As B9AFAERR 0 33 0 <10 04 0, BIARMIERFT 1, RERTHERT
RRATREA S A B, do RBBIHGE, RAHA

9}

A —

S
-
)

X*(CY +x°(CY =0
XH(CP) +x°(CH) = —
XH(C) +x°(C3) =0
x*(c5?) +x3(cs”) = 0
ARAER S, A AP AR
XH(CL) =1 x*(CPR) = —1. x*(Cy) = 0. X4(Cg1)) -1
X*(C) = =1, X3(CP) = —1. x*(€) = 0. x5(cP) =1

AR A RFFAEAT )T — 09, ERBAH L, AR ANZLERTY
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&k (AE E@ARANRT). EH O B RFH AT LR TIFIEFF AL
7‘?{70

T —NEBR—TH, RAER — & UK B4 69 S AR AFAEAT &R A9 BT

e —, kP, RTYET LHARIRAAT. AL ETL T TS A7 AL E™.

Tis Too ATARR—AANYP L, TEAHNMEBE,

representation basis functions E 3C% 6C4 6Cy 8C3 1 3iC2 6iCy 6:iCo 8iC3

Iy 1 1 1 1 1 1 1 1 1 1 1
=t (y® — =)+

Iy yi(z2 — )+ 1 1 -1 -1 11 1 -1 -1 1
z‘lf.‘r:?“—yQ)

I {Iz_yz 2 2 0 0-12 2 0 0 -1
222_I2_y2

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

I z(z? — y?), ete. 3 -1 -1 1 03 1 1 -1
ryz[r' (y* — 2%)+

I y (22 — )+ 1 1 1 1 1-1 -1 -1 -1 -1
(2% — 7))

r Tyz 1 1 -1 -1 1-1 -1 1 1 -1

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

Ijs zy(z? — %), ete. 3 -1 1 -1 03 -1 1 -1

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

B 3.45 On S A4EAT £ B E —



repr. basis functions E 3CF 6Cy 6C% 8Cs i 3iCF 6iCy 6iC% 8i(ly

Af 1 1 1 1 1 11 1 1 1 1
x(y? - 22)+
A yt(22 — )+ 1 1 -1 -1 1 1 1 =1 =1 1
24(1,2_92)
2 2
Et {;z?‘_—y;cz—y?‘ 2 2 0 0 -1 2 2 0 0 ~1
Ty =9,z 3 -1 1 -1 0-3 1 -1 1 0
Ty z(z* —9%)... 3 -1 -1 1 0-3 1 1 -1 0
zyz[z'(y® — %)+
Ay yt(2? — )+ 1 1 1 1 1-1 -1 -1 -1 —1
2z — )]
Ay zyz 1 1 -1 -1 1-1 -1 1 1 —1
E~ zyz(z® —%)... 2 2 0 0 -1-2 -2 0 0 1
T xy(e® —y%)... 3 -1 1 -1 0 3 -1 1 -1 0
T Ty, yz zx 3 -1 -1 1 0 3 -1 -1 1 0

B 3.46 On HFAEAR &K B =
% —Fh & k84 69 % Wigner /£ 1936 % #= Bouckert. Smoluchowski 475 #
— B LF P A ST AR X A IR R IT A R 3 — e & AR 69 F R BE 4G dh AR, de
FRCHFLHE D H RE, RLCHHLHE L& RE G ELA AR5

BExP AR Pode — AN E 269 sk, AL E A9 L K 5k AE AT

B 347 575 A% REA LK K
(ZF &, B amaxp o) 2 MG LK, %221 ANZ[aE)
XA — A ERE L&, RE & SESRES AT BAZXANRE, &
O, INEEE, T RATD LA CHIMRE, BTALIFIR O, 89 K 7T £ k7 69 it
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1, AT Do XAZAE AR 269 A LI B3R89 3 1o

lattice point k symmetry

#2217 r (0,0,0) On
R [(27/a)(1,1,1)] On
X [(27/a)(1,0,0)] Dy,
M [(waa-)[l, 1, U)] Dap,
A (27 /a)(z, x, )] Cay
X (27 /a)(x, z,0)] Cay
A (27 /a)(z,0,0)] Clyy
S [(27/a)(1, 2z, 2)] Chay
T [(27/a)(1,1,2)] Cyw
Z [(27/a)(1, y,0)] Chay

B 348 7 A A L K & xAR k EAg s B xR
B—#A (e RFoFHE. bl H), TiLkEERA AL B, E.
T RAFLEBARTHRT, Av BRA—4n), BAZSHt), TREo). HK, %
Bl R4 B 094k % iR A4 R AL By Ev T XA 47iR. B, EAHA—ATI]
B, HER I —ANEF, KL,

Far, &K E4f. AR, bARA B F@AREG, 5 AL B E. T
ARG, L@magplFRA . Y R EARAR o k. AR KT LBk
¥, Lo Agn AuiXE g u b THFRR 5o X2 g & gerade, f&i%& even #9 &
., u 2 ungerade, f%i% odd &L, N EHERLFH, F—A kTP, [ #1F
WG F AR AR R 5 R AT

& /)5, f& basis function Af —42, 4F % LK F o4 H —2% x. vy, z 89 F R B HK
Bl Fo BB BEMEBBH—ANETFHF RRYRESEEAN B — AT YR T0K,
XA R IE A X TR R IAH FRIBRERZT . IANEBRMNSMI, LXK

F AR R R T Y AT — b BRI A GG AT T o



3.6 A5 EH

1. RO =R ERF—ANTE, CpO) A Fagshitahipte, Sp(0) KL 49
EHF) RS HAE. FIOCL(0)0™ R A 2 4 69 4242 0Sp(0)0™ 2 A+ & AF 4 #1452
2. XEFAANEL xy K-Fm o) =Gy, itCrty RAt@o,, € R AL BB
xy, xz,yz} A, CHETAEML LY CTLHD? e Y, wHK,

3. {2xy,x* — y?}. {Ry = yp, — zp,, R, = zpx — xp,} A 3k, KDy R T4,
4. X EBA FTHRNEHEN S yn1, B L BFAEIR TG Cop g B KT RATE
5.4n M35 RIS 4 S4 A £ R IT, A8 F 5 A BROR BAEL?

6. Kb =% 52w 1A F BT A B E

7. AR RAGE S, e TR 1) ATCeB T, ¥zl BURHAE; 2) £Cyy
BEP, IR N RITEA; 3) R TTeRET, o= 8 BUR A

8. 1)k Bilbao Crystallographic Server #) B 35 % & FD, 5B — /= 8] B P222 49 B
HATAREAE, B ke XM AT ARG MG T LM 0 aHE R L AEF 0
QR FOILE Ao R B GIANRFAC, B KN 6948 4247 2(0.125,0.125,
0.125), B dhie N FrA R T894 B o 3) 4o RIX A2 M BE 2 P2122, 0L LEAE?
4) =REE C222, HIAXEH? (RMEMATALAFHT L)

9. —ANZHK, EFERATA? B ARG @I, EHFTRATL? WRERTE
Bdh, IANAMARSEAALHR TR L HAR?

10. 52EMEANET =7 AL, KeRTHEHL R, B8 A
BTy A& RRARANEAE, 18 B IL T X 78 A& R 42

11. #58 F 3o F69 .88
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(c) H0

(g) 3K CHC1Br-CHC1Br

SRR

OB LI LS T (k) A= (CH,=C=CH,) (D ZHRZ 5 (CH;~CH)

(m) CHy (n) SF,

12 AF A Pehf—LEBRHEREA, TE2EAEWE, REHE BCyy B 094

R A (ZRIE, ANEHENECSMETE).
13, AFAF P el f—LEBRFETE, FEAZ R, TEE RD B 0945

iEdrA (R, ANEREMEQCEMELE).



PwmE BEEFHE

PUAE RAVFE RATVIX T IR 6 28 b A B BAVIE G & &b 52 R A 69 i 1& 18
O RATENEH. ZAHRZT . RAVKHERL—Y X TREA B RHF 29
AL ERA. AUHZAT, AKA TFXNRAFIITROZLRE, TR
WAERRNES TRSIRAERBOBAS R TEZE T A mBCATLA? EA
Wb IR AL RE L

FOERRARIL. FERN—ERENE TP BRHE. BT
STFHEP N TFRERBEAINREZIEIN? RE@mETHFE. BERYE. BT
S THRIYNE, HRARY, W TETHFANDEIARFIIAMBOER, X—
T B RN ECE <HRLEETFTHED.

AR E, AMEZ LFZANFAE, ORIAER, ZENLEFEAZT
HFOMAE TR AP, LFBR G RATIN 2] 691E4T R 0, R &MBFG et
AR 2 E B RPN 89 2 S8y — L RAES Lo A5 FRERSKA AN, ET® K
EETUREELTE, TURAETE, LT UARECMNZIN G851 &6 L€ kT
Ao WA R AT = £ 692 € HARPTILM 69 R Lo sHARME A AL A 2 409 X EK? AR
L 89 R RS — NP R T, A—AMRIEE B S — MRS KIER Z A2
A RLAE? X AR E RAVE VG QAT P B8 B 6 PR A £ RANAET T E XM
A F A RZENTIRIE , o RVAG AT & 8 2] AN AL, Ao T A 3F kb R 22
FHEME, XMTRKAF T LERRAXNMNRE, ZMNE HREZFHFEY X
FHREMETREZE LN T 5

BN BESANT  F— T BERAABH LML TEREKRGHET A F

LGapfhikz meg X F, LF gL 28R RN —F R S HRAT MG KA
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WAL G AR AR B B, A — AN BARE) R G AR 69 A 5 BU T AL Y

B Fo X —F BARSGBLIA AT B ST ARG5S E R AR IFF N L. F =V 3
BHEF 5 AT Rt At P BY EFRHF RIS, ©HHLEERM

S A ik — 28 3K ) BB & TE R G0 AT AR o AHAAT 7] X 89 2 A A R at AR G TR
AR RIFFRGIENG A, CTARLEIANRBTIZ., Foohsp—miEM0
AREEHRFZN . CHYRZRRRZARAANSENE, A — FF6 RKIEIF L
AEIE RV — T B A A, RATRL 12 S 183X 2 RAE &S 2R HAR BB 2 409 3 AR
RNAEERNR T MK, RARER KD EREOAESZI R A A — LK, Fw¥y
A3 B R AT A ) ST AR 69 S iR S B AROIR B BR AT T VAR R L ARk BRGTE R AR R A
% AT RBB— T IR AB M E IR % 2 2 F Ak 2] 0 oshid, £ F 8. ML
o HATEHE LT B BKRNE, KNFH 54505 A LRI AR P 89X
SF AR ST S ARAE B 89 vl o B — TR BT R RUR ST AR, XS R R RARIE R A
HXAFFTHRBEEBNAGAL, HAHRXAT TRE—ANFHHZ. L E 5

J) 33K A5 48 1) i3 Dresselhaus #f A

4.1 S ERAFAASMX EHE
XA A RS F M2 AR RN RBE THTHRER, LEeHBRG
T, TANBAES ERRART . mERNOREMTHTHRER, BARZFHE
EME RN A7
RO TR AT, RMIR A, RN B LM, BDFMSRIEA X
HE 69 PR
1 eA AN,

2. EAFEAZT, WRMT AR CIANEAFEAN L 245, HiLAX);



3. BM—MreeitAHR);
4 CH ARG R

B A CRB AR, KL ZRXNTECH T TR TH g 695, L4545
gXo EAMME, wwRHE) = H(gX) (&, INZRAEANLERELRE, 64
ARG HER), ZANFF g TRFLEM ST AT — AR, #HEH, g 2
ik R AW B 52 0] R o PR E 6 — AN BAE .

RN IRARAE 0 B e B0 2 iy AT AT R? BRAK g AVERFIX EH
— AT, T RBEAAER RIGFE R GEE—ANZ0X), AREF LML —
NS T ST, . ARIE A AT 60 T AL, Ptk A 5l o(R) U6 A
Po(®) = 9(g7'%).

do RHEAVESL g IAMERABX LA TG £ XAME R BX Lo TH#ag AR fg

"U)
)

B L 6 S50k T e B By = 4 BT -
Py1Pe0(®) = Pys (ﬁgcp@) = Pg10(g™%) = 0(%)
BAVE XA R AR A 64— AN B AR, Bk Py =B,
A, FHXeR), #heH:
HE)oX) = P,P,-1HX)9(X) = P,H(gX)o(gx) = P,H(gX)P,-10(X)
= B,AgHP, o)

A E— ARG E AT R ReE R, BAZARE, wbFRTHL
HE) = ﬁgﬁ(gi)ﬁg IAGH. mBEMZATHT g TRBFRAEAERETARLH—

AR, #HE H® =H(g), AREMNT#—F 73] HR) = BFHR)P, =

D
P.HX)P, o & &okA:
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B, o Rg REFHLEREAR R LG L4 M 6§ T#e, A& CHE ARG
ZRGRBERIFP,EHE LS.
AR R BAVLF 2F AR B 6 — AT, BETIAFERS R, £
PX® R LA, RAVREBHAMEE, 5 RS FRIEF B (B R GaT )
Lo FAR SRR (RPAR AT AT R 69 2 K e AT 9B ) o
EL 41 BEREAGE: HARBLERTH@O AL TR g HESBRY

7, HRACERARGH, XRBEZFHFEGH, RAGLTHRE, LA

Gy = {g|H(gX) = H®)}

R RGE, RASEREFR, BT HEH, LA
Pg, = {Pglg € Gy}
BT RGO AR R AW E SR T HHREG T, € RBAZ
R RN DI oM AR, & R GTAREE P B UPT AT L 09 B BT e HAT
R EIEE, TG REM T A, AKX AL A AR A GATAR

B — AT (EANARTIRM T BRI EREENR).

m

BE, ATHRERIE, SERALER 5 CLERMAABEAT XA
LR BN ARAN, BABEREFHAL A —ART, RATHRIFGET
BEAVHE F AR FATRE GG AR, RAVIE 9 A R AT ARB S BB AT. £
—RET, CHRAA—ANESER, XAERELET—BRES,

AETFTREAMEL, BMEIFHOEATERLEZTTFHFNRE AP E AR
% T B 48 B AAERR 2 09 AR 4049

ZHE 41 BFREAFAX) 0 LA 48 B RIERL 369 KIER 3, MR B R AA#




PSP
(IAELR LA R AH — 4 5] AMEAR BD? HARA L, HH —ARIUA
FIEL. DAV BAHERER, 18 L@ o) RAES G ERE S A G REN
Eie e REARATREF, IAKMBRE M —%; R EFF, XERETH
Hpo ALY RIX B KBTI TEIANR AL EMERBRTHRFTEN,
I b AIEA AR, CHRILA—ANEER. R%AHHELZRA)
TERA
B— N ASERE BE,, KB R | F R 89 KA GG FEhA | AN B % 69 FAEF 3,
W(X), EF i1 L AR KT AT AWE,
3vP, € Pg, W FAPHAR = HR)P,, B HPAEMA2VY,(X) £, #A:
AP, = AP X) = BE¥,R) = E,P¥,()
AL ok A P W; (O A& R HR) AAEAR 5 En 8 AAE 5 4
Z A EMALE, R L ER e, sy Lk @AW, AR LB (R) b &A=
e E, AR
l
PG = ) AR (@)%
ir=1
(AWM (@) }ik A48 MEBE AL | 4 69955 47 HL A A AW (R) S AT R 09 48 M 2
(JE5)

X PG — F o A I R — AN L 09 RAES T AR A Lk 1] 7T 2K
BIIANSFEMAFEEAT. BNET, BARTY, 2LTARAANA—Z PN TT
R T A, 2 R EIAZ G ENRT LY RT, TR B 6 KEL K
FERLF R A,

RIXANZ A, A — R, AR TR ALY RIS, o BB L
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P AT R AT R 6 E, RBH R TREZ-ART Y AT, b4k, ATH
— &3,

EI A2 A ERIARRT 4 &7 6 REF B L BT R — 4

JEBR : (RIE)

HHE) 89 | AN KRR HP, ) H# R T NS BRI RT 447, ek
FAARE . BRE LGP F, ATl - 1IANETRARE, RE—MNETHRRE . &3k
AZE; =E, fori<l—1; E;=FE', for i=1,

EAEEE, WETIT AR, Bije:
HROW® = E'vE®)
VP, € P, 1B B XA FAZR L

ki = BAGYE = AORYE = A®) Z A (@)W

AL @RI ATTYRFMBUT. %17, CREFT:
l

Y AP @

i=1

XA,

%t = EBWR) = F Z 2D (@)¥;F)

i=1

T A PR R 8 W (R R BN A, e RARSE, FAD B
BAARE, A A

A (E; = AL (QE'
MAER AR, 2RI < - 1M, E #E, BHE0EAD (@0 h R, xak
i&?)tA )(g) = 0tVgM 5, #mAFATY, &AL 4T fh,

(IE5)



XANEESL—H, 5T EMN— MM LHFGBER? KA —AMER, €
KA FEME . EASFMZ 03T AEFERMNZIAN R L8 R G HRE. IR
GATHRBER — R B R F N R T k7o s 2FFTAG —ANAERA, ©LH
9 AAE 2 K T BT T VAIE A8 A M) AR AX AN A G xT AREBE BT AT B 69 -5 R A AT
BEATERG, IANAERTERTATHETUART Y, T, BT AMLA—F
| RT L0 Bfmo 4223 R — R L kT, ARBEE 69 RAE LS K F 69 RAEAE
=548 Bl o

b, WEH T RN TR AES X0 RAERL FA F 69 XA 0L, RAVHRA 2
KE I, CRAGFHREIN RN, W EMER LG ETTY, REXELRERTLH L
7R 18 A8 B A8 5] 49 K OL R AR A 4B 2K IF

LR HEEMRE MR R, AZTFHFEF, ZNTRAEARES
CHARBI R T HETRIFIRC. A TLRE—AMRATEILE, G H R %A
by BAREG B F, A — T Si 6983, Si K RARgr il dh AR ZE M sk -2 — A fee 89
mA& b, T AR EMASL, AR AXRL/AL, BN €HHIES

FR@SE . ok E I R MET
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A41Si s ErER
5 AT A8 £ 69 R RAVAT X 2 ZH AR k B8 AIER 9AFIT. AT &

X & Kb LERARECMZMGGER Ao b FEXAdARGAH LW Kdo T

B{42Si 9 —HFEHRET&EH

T 5. X & K 569 5B 22 Oy Dy A9Coy0 T 55 X 5% % F 4
B BB R Cyy, X 55 K S EEHAC, . A &M% b A £ A
Bkt k EAT RS THEAIMAEN, BN EE@E N FLTFEmA

B, XERFXEEZL— T,



BBEMNT OG0, =0Q{E. I}, OFRmA 1 4. — A2 %, HA3 %R
THRF, PAO M RT 4R TAHEA 1 4. B 2 4. WA 3 4, Dy =
Dy, @{E. I}, Dy w@A 1 fife— A2 e T 4T, FTADyn 69 17T 29 & 72N\
A YfeFa A2 Yoo Coy 5D, R, EHARTHATARA 1 Y19, Cpy 5D, F
B, CHRTHERFTAGAMA Yifo— N2 %, CLRHA—/M1 HERTH AT

Sz Aam, BNAGRT L6, AREEGE R X 45 iE, thdw T 5, EHR

A JA Op FFAEAT R P 89 R T 29 R T AR IR

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

2

1 1 1 1 1 1 1 1 1
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
I 3 —1 -1 1 0 —3 1 1 —1
1 1 1 1 1 -1 -1 -1 -1
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

1
1
-1
0
0
-1
-1
1
0
0

A 4.3 LHK P R 2] 690 BF S AEAT A
T 5] X 2% b ag 532D, SHARBE MO B T Coyo Coy B =R THA

T, FFAEARER A

representation basis functions E C3 2C' 2iC3 2iCY%
Aq 12222 — gy — 22 1 1 1 1 1
As y? — 22 1 1 -1 1 -1
Af Yz 1 1 -1 -1 1
A} yz(y? — 22) 1 1 1 -1 —1
As Y,z xY,rz 2 -2 0 0 0

B 4.4 ERF A 3] 69 C,, BEHHFEAT A
Szmp, #ROTARIERHNEISAAIANA2EH/IF (Ed) 1AM E
BoF (Ta) #95&
27T X &, SHREEMRT Dap, AANL FE5HAN2 HERTLHRT, HIEAR
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& A

representation basis E 203, C-f QC:::‘” 205 i 2iC3, é.(_?'f” 2iCy 21C2
X ;207 —y® — 2% 1 1 1 1 1 1 1 1 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? — 2%) 1 -1 1 1 -1 1 -1 1 1 -1
X5 Ty, Tz 2 0 -2 0 0 2 0 —2 0 0
X zyz(y? — 2%) 1 1 1 1 1-1 -1 -1 =1 =1
X, Ty=z 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 1 -1 -1 1
Xt Y, 2 2 0 -2 0 0-2 0 2 0 0

B 4.5 XK F A 2] 69Dy BEAFAEAT R
BEAE, RETAEE. TROATHARFTLEX &, R—ANAZFHit. 12
CARBGRTHRT, 22HA 1 YT G RT . XAIE & F £ 2 19269 5
BLA T AR R I

X EE K &, RTHRFEL— % £ K g3 ZCyy, 485 89 HFAEAR

A

Z E Ct iC} iCi,

X E o iC7 e

represen- G, K,U S E s iC3? iC

tation D E c? 1Ca 1C5 )

2 1 1 1 1

Yo 1 1 -1 -1

Xa 1 —1 —1 1

I 1 —1 1 -1

B 4.6 kP A 3] 69C,, B AEAT A
XEARTHETAD RAFR, ZH A S U XA ZH K6 53R ALEZCoyo

xR 69 8] FFALAR L 69 2 BRI e, PR A9 AL AR R R OF, RBE—ERT AR

PEEZRGIFRNES @G, R IFALR T AR IR A BAR B IR — NP 09 PR AL
%), 30 Dresselhaus #F 3L 12.5 ¥, 8T %) F AL ) 32 52 |



BlXANT, BMNEFHF PO RES 50 FMAFB SR ZH X R R
PRT o HEAANFHE KR T, BRI ZA WAL, 122 5178 2B A
AR, REEPT L RGIAACTRHRRBRE . BAC RN TREZRE
RFRRA IR EA KL SRR LASHRER SR, UG RTLYHRTEHN
0 ARG ARBE PR T LG T o XA, 4o RARA DTk AR AAES Z 7 69 & 5F,
CAMEF AXF B HT 9 R GATRBR 6 T 4 KT o Wk RGLHT 69 AR MALAT T 29 &
FTERT ATHET, MEAGBARFELERT LA ZIAHL, £RNE

FhHFHEAREIRFRETHING, £ 40, 50 FK, LiHEFZHFRGATL L
RIS FFHFRV M EARME T —ANMFOREE, RILTR T —AMRIATFH
Mk o £ Gk LF P RI1A %% A 5 — 2k £ F accidental degeneracy
#= hidden symmetry #93t#, BLAGHKAXE—ANAFH. HRRRRIAAGBARR
I, BREERERTINZTAFZARGTHREZE, RERINZIAE FHLEL
KGRI E, A2 K68 I B3 m)

BAZ@RBEHG AN FRERFEFHAEARM, BRFRREAT
B AR R A? EHEERA EAMRTHR TR, AR RED?

RAERER, BRAVTHRARIAA XS TRE, AAFRSH 4856 & Gtk
B2 SOQ)# . 4w A SOB)E, HMT—F &, ©HRTLHh A7 LR
F R, AR L, T HRTERIFEA 20+, BAVRFHEF L6 R
FHIE O A — R, R EMNIKE G, —ARRTF oA A& sy 25, 2p.

3s. 3p. 4s. 3d. 4p.
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E
——— T T m T
3s 3p
_2__
2s p
Is

B 4.7 SO(3)Af Ak & 1) JF 7~ & B

EANKRZARRE, ORESHA L,

{2 Z3F T EJRF, o RBEAVE € 098 BoA B 0935, RN F 2| A0 I L

E

3 3% 3d
2 p

s

A48 AR TRARFTEHA
A Ao E@ARABRA K EH T, B AR 0 KAERZ A R
AL ABAEINER, INES TR E—RE2H. AR TP ESHZ U,
A Ur 45, BAFMERLFOREY, AT Z4iE, £—NLAF =
—k/ 2% X951 1 %% , #4— 4 Laplace-Range-Lenz 512 $& = p x L — mkf

AL =FXPo F AL EHFHH X4 FHE:



pxL| _~mkt

P 0 r prL). . A

A mki‘{r 3/ mkt
4

PxL mkt*

AR

A

K 4.9 Laplace-Range-Lenz 16 % 7 & &

W F AT B F 4 44, Nocther R EFAMNE (EAFRE) Labm—Ax
Mtk INFHOERZRALRT T, RTFREWH ERAMIKR Z, PTARE
B 69 3E AR M PLER AT AR AR R B o BAVICX AT ARIAR A —FF 30 ) 2 3 ARkibk, 48
6 SR F 69 3 4R 2 SO(4).  SO(4)BE 4 18 13k F & E @ AR B 5L B T o
MFECRT, BACTFZRABEIAER, A Ur 693340 R L, 2 p R T T
SO(3)#,

K—FEERRREETAHF T E AL AR &40 X RN F,
2% 1% 3] 09 T B A xR 69 I F RIEAKPT I AR GG AR A 9 S 0F 5 AT R B AR A
BT At B, 42 B ILAG BHAE RAVEAE L EF DS, BACEF TkA RN A

Geob B M E W AT AR IR KA

42 ARG R RS R
AT L= ey, X — T RAVRE BRG] e 69l SUEF RUIRIT S R

PR EHE—AFH: AR RERZAANSEREH X)), B 09 2 GxT#:8 2Gy,

NEF BB T E AR . A, R TN CETAHEY K16 T
Vo AR—, RIS BT BRA SR 4 SR T SO@) AL, = 2% SR T 49 SO(4)
SHARIE . N 4 SR T80 SO(+L)AEHRE I A5 BLEEAT T /2 #4931 360
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€ 89 AAE S EAVA Gy, 89 R F 0T 7T 49 &7 AT
NABMNDLFZ G T —ARKAR), EHbEMmEEmTHR =, +
H'X), 4854 2 %3 # 2 T 4Gy
RR, Y AEEREZAGEY REM T T Y AT RIFIRT o RAVE IR 44t
BETHFE, hAATMERFEFTRGFLT, ARLH @6 45 5 HF L8
oo FARTE DL FAT
1. Gy, #9 3P ARME bR &, Jo ARG, SRR T o #7469 A AT #RBE Gy £ Gy,
058, I OLT, RR M 695 L) A H ARGy, 8 R T 4 RT, EhoA
W2 G, TR MGy R TR R — R TH T o 48R 69 # 3 R
PRAP, M 3| ALy AR AR B i R 89 A AT AL
2. A9ttt X F4 FHX), wit2H5tH, ) A 694G A o &4t
1%, GuAR & F Gy, R4 A TA. JR R 89l K 7 5F 38 2 b 5K 1 5F 0 1248 2K 4 5F 49
BB ST T AR A BACHY o
A=A F, ZMNEBE—TR—NMRLZREFKE—AM LT HEH T,
THRBRA LA ZHGT? (S MEMERER S L, EAER 40 £K
XA, EMEFRAEIRTGERIRTEZNER, ANFTHLEF, MY
78 # Crystal Field Theory, X AN £ R4 5069 2R T 418 12 S A& 3 F 6955 2L 1%
N, FEREFHFERE; RRARFIEAE, — A2 A EREE 4
B AFARARR, HEERGHARY, B hER R T T RER)
R A BUE ST AR . BRAVRIX B #-Hid 48 0155, AL LA MAEY
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AR ) B0 TT 4 69 BHAR 305 5F BT B — BFE T Ao X AN IR AF 8 d A K ) AL 0 3R A |



Pipd 53 BB E, B RER., SHEMNBATELE, BRI, T

.
1
(p19’2=z(d—f+c—b)
B3, #A:
- 2
P(3)(e—a)=g(2e—d—f—2a+c+b)
#m

1

3 =——Re—d—-f—2a+c+b

P21 2\/5( )
R, APEREE LE, A5 #TER—4E, TH:

1
<p§2=§(d—f+b—c)

44 EHEARE HZFRN .. ©BERKT

B — WP RN AR SR IE, AR IKIEAEIE LG AR A 69 X R . 3k
RAEKAGAG AN, 2ARE—ZF) S5t FMEX L, BAKIESET AR
R YGITRBEE) — N R FN AT HYRTHIRRAFIR . oWy WPy, BAVAZEA
RT ¢y kT, sy & Gt e,

RAERSR AL, RBEMLEL, IR KGO HANSHTRET
(Wo |[H'Wg) B A R T o (Wo|H'Wp) RSKIELEE T, P A E L E, KT I E H ik
ko ELH, RETFHE. BRI LIRS LFAMGFH. BLXITRE
2T FE, LBTRMNCTAH OB L IR, M XAERE T L BHE L0 2
B, 4 ET AR A ER? ik R 45BN —AEHF b, XL ZIK T AR
MR,

E 4 EBEMEANGHER? ML, HARLRIAKTLES T ) A0 5

R % A Ho 89 2 b ARBE & AR 4K
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s

F—3p R, T AR —AMRIT L4709 H 5o £ KA T AEH 4
BFWISRE AT (GLAD,) #k (BAAFR—RERTH),

B3 AW, EABRH W — AT b E AR T (3LADg).
AR ek, HWpE NSRS, *Fm), 3~AD, 5Dptd A AR KT 89 k4,

FZANHDRY,, B ARE ZH 09 — AN KT 29950 F ML B AT (LHDy) -

TR, AR IEE (P, [H W) EA KA, LT 2R A R T 4 % 5
FRAIE K R RFIBT . RANBMA FRZAMD, @D, REELSMH, AELTG
AD R o B, SREHATARMAS; AA, HBEE. R ZHE,

AT RS AR AL, RAITH AR A A 2 B R KR
Ho BATVT A —TF, Bde X AH 49240 AR &, A E T b prA Hy o 69 sh AR 484k,
CHAR L. A 4T AREMZH, 09 R GordARBE 694+ & 57

—le . XHMED, ® Dy = D, kB HLH Ve RHE a9H, 89 7 Lt #iat
Wk, P AREN T AME JF Bt 69 AT b 69269 index 4% 448 7] |

EAIAE, d0 RW, 5Vpat B 69 2 7] — MR T 4y k769 Bl — AN egiE, XA
PR RMAS Y. TR, PIAIARITR T AW,

Bt sk, sHaaiH’, de Rw 6y s ARk teHo 694, A8 2 H'Wp 22 4T A ARG X
AFen i, O8V R RFNRTHETHEGLELSRKIE I, Bk, AF

RABH G 3ARMAK, AT AT S 0F AR A% aH 8

(I,

AR RGO, EAN
B AAE RS Z 7] 89 BRE

A TEANR, RAVRERF LG —FHHL, hhAABES. 05 E=

_Z—I:, w3 B=VXxA. MNCHG G, AEMEERT
Or2 1 A e - 2 5
H(r)—ﬁ(p—EA) + V(D)



e?A?

e P Yy O
_Zmp r mcp

EBYHT, e —RAEI QMM L XA R, BARA Ke9Feld, 5H

2mc?

® A
fly = — 24+ V(@)
" 2m? r
B me
SR, RIEEHEAA: (Po|-—p-AWp). REPRASHEIA, HHE

GLIAT AR BAR 0 TR, B R AT, ARSI, RAT A AT AR,
AME, RROREF, ALK, ——AMFH, HHRBEERCERMLT.
B b, ARG B R, RIXANKIEIEEAA R AL, 2o w(Ve|p|¥s)
ko 3 (Walp|Pp) A%, KMA—[FHRRED, ETRE—FA:
= (B = Bp)(WelF|wp)
W TR KRN —RAELAFRETE S, X, EATFRGET. Bk, 2R
K, do BRI AR 6935 F kA8 (W |[H g ) XA R w539 BT 5] AL 69 3k iE
AN E PR ATFRREAR), BT L (P, t| V)X ANERE LT & —H .
RE, §FOBHREHu= —eF5E RE—ANERT F, KL K
AR A WA IE
;T AR 09 — N ABALBT | AR A S 69 R M A A 2 A B R K

MT AE —ABIF, dik, TAREZOL, FFIEHAAL:
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repr. basis functions E 3C3 6Cy 6C5 8Cy i 3iCT 6iCy 6iC)h RiCy

At 1 1 1 1 1 1 1 1 1 1 1
ot (y? — %)+

AT yi(2? - )+ 1 1 -1 -1 1 1 1 -1 -1 1
:VL(J_Q_I‘Z)

Et {f—j”'q , 2 2 0 0-12 2 0 0 -1
22—z —y

T, =,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
Jy:[.r"l(y‘)—:'H—

A; {y'(:z—rzH- 1 1 1 1 1-1 -1 -1 -1 -1
:L(J_Q_yQH

\; ryz 1 1 -1 -1 1-1 -1 1 1 -1

E~ zyz(z? — %) 2 2 0 0 -1-2 -2 0 0 1

T xy(z® — y?) 3 -1 1 -1 0 3 -1 1 -1 0

T, zy,yz, zx 3 —1 -1 1 o 3 -1 -1 1 0

B 412 kO 4 4EAT £ A B
s (P |t|Ps)mE, WA TH, PARKMETRAT, LTy, XA E, R

RV AT, &M Tygo ARLEANIET, @ TogtF L 69 FAEAF 32 :

E | 3C% | 6C1 | 6CI | 8Cy I | 3iCZ | 6iC} | 6iC} | 8iCs

1 -1 -1 0 -9 -1 1 1 0

=]

CTANRHy: Ayy®E BT BTy, Lt R EAR T ASOE OT; ®T5 «
LA XN CBHKEF, o RMWERA—NBA T RN S, A4
KA R 2 L X vk,
XEREAAANM T TREE:
1 AZANET, BAOWE T ZH A, Xo ys 2z ZANSFM, BTARK A JORT B89

T3k 7 1 &R e o do R RIC S AR AR AR A w9 77, tide Dy, = Dy ® {E, i}:



Dy (422) E =01 20, 2C% 2%

2 492 22 Ay 1 1 1 1 1

R,z Az 1 1 1 —1 ~1

2 — o Bi 1 1 -1 1 ~1

Ty Ba 1 1 -1 —1 1
. e (I'. y} X _9

(zz,yz) (Re Ry) E 2 2 0 0 0

Dap = Dy @ 1 (4/mmm) (tetragonal)

B 413 k& Dy SAE AR A E

BAFIERXEHRREZEE Xy b5 2z REORTHRFHR—H T XA R

&, X RIRT wsh R xR F LA FR TR T . BRI R, &

AL@OTIE, AR, oM. ITR—ANE, RIELE z Fee ik,

KA AR R xy Fant, RAERME. IHEAKFGRERLS TR —

HTo

2. /EAZueaEueaTlu@TZuiim/l\#é ‘:P » &’ﬂ]ﬁ% r‘ﬂ E'JZJ 'F#ff‘ u, ’K/ﬁ‘i’&éﬁ 5]‘\#& 795'33—"?‘1

o ZAZAAA?

JREREE, ROMERBFHR, MKRFFHR, RRESLRAFTFH, F

KRBy AR, RiLk, WmREGMELFFH, PARYRERLMA

BFH. LA CBHKEREELELERDRREFHRGEZ,

Rt H T LR A R LA PO RUE AR R A, X 2, KA Aad T

H' 693t , B EMitik. B AP SRERTE, RAKTERZ L L ELL

AARB FARGESZNE T .

ErX@megitiel, A—AREZHMY, Tl R 112 E5)%A? LR

DB EE, TFRAL, IANAGFLR, Xk E R ITE 6 LR AL R,

B EOL AL TFEZRNKTE, BT RBHELFOTFH, AfCTFEZ
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8] & F AR L IRAR B
{2 fe SEIR 6 TR LF , Jo RAAAIL, A EABMIKEIE R AR AN LTS
FHRAFAAMF G ZRAFL? IAN B EFHEA—FAKRETIRZF LT

FFHAE, IHEGERMNEEOETLAEETLALAAIFE—ANATET:
(WyWe ¥y We)
BAVEAE, 2K TDes Dy Dpéﬁﬁﬁ:’\, RENE, AZLTOLED.QD, T

AR, B EFITAPRERGOKIRTAEAE T . LHRALRZEM
ST ARE ST TR, MR ERERNELLT . XA F a9, TR

EEIRRER, RATHE T —%,

4.5 ¢x9h. FEZ#%. FAE

BFARY, BT A O F AL KIEAMER I, AR T ABOK XA
BT BRI A o 5 A, A AR AR R 69 R F B, o9 (IR) 5 45 % (Raman)
FE MK B AP 69 BHE , TR AL AW B RANERR S A F

RAANRE, LR F R, LRI —ANAFH. BAF—AMERITA—

A H . AT LSRR A R BRI NS L8 52 MR R RALA T & B

PR XA B IR AL R, RIS, B — N AN R IR 3 6
o
[(w)
N T~
w

B 414 g rEl—

AERMGAZEIH R E, S TAHLRE, §TEh o T AL



AN EANR, XA BT E TR, M iF BAVLE AR 50 69 BHE 13 3] 64

WA LB FEE, ATHeE, AN EL. wReeMeg 28k, %

\24

2
()
/i it }
A 415 o rER =
i 80 7R AT 6 R S 1 SR T TR A R 9 I
B s Lo 9h

St F AR — AR, B RAF RN R EAREAER? RATT A AE KA
MmN 0 (LF) eBEEAE. FTHREAY LT, T5HRBEAS
B AR XA F B8 — AN RAERAFB A, N KT, WK BIEANRD
Fif it R A9 A% o AR ALAE 6 TAC R X ANLR B R F 4008 8 -T2 B 51 AL 69 247
T A k26, ™ induced dipole moment. A} 4 B T F F 5 w83 0948 o m
EUER XL IR A

A =-E-q
B2 AR, XAIEAT I R A BRE AR I TR
CALEES
FPW ARG ES, AR TFHRAT AL EGRS, AR GH 2%

ARBEO R T Y R T R — B F R T

)
%

A =-E-Hi, &£+ RITF ARG 6990 (R TF449), bR

2
O F HAT R AR AT S RAAE R . TR WIRS 5 AL ) B S ABALAER AL,
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FESTARBRAE T RBAEL x. ys 2 KB RHE—H 6, BR—AMadkktRAE,
BT g, AR, AANAH A TR B8, MR HRES KT
5 X B AE I R T RARF

at, AR 5P ARG HE, BTV, HEATAH—LBEAT, LR%HL
RAE—MX KRG TUUARERG T A, PeX ABOKR T IR L F st w69 A4E
WA 2, Wl TARBIEA X T UK R T YR T XL EkF LSBT
EF, RAAR X ARG T 2 R R R R 69 AR T AR K

AR E)E LI B R B RN AR £ T, ARR Cop ARG KA ], €

8 AFAE AR R R
Czh(Z/m) E CZ Oh I
x2. y?. 2%, R, A, 1 1 1 1
xy
z A, 1 1 -1 -1
XZ~ YZ Ry Ry B, 1 -1 -1 1
X~y By 1 -1 1 -1

& 4.3 CopBFHFAEAT K
B X ANFAEAT A, RAVT R Aeil BRI E z Hat, © RARBCA T AR A A A
AEFRF; BARFEALE X y sAF, € R AR T AR A B, 89 AAEIR ) o
LRRFT Az E, LA X Ry HHBOME, BT LR ALA, REB,,
122 & A H A i X Ag 5 Bgo
RREZE—T, XL, FTHRAMLER. v IAFFHTA, g EMEF
METAT IAAAFZR? REARFE, RAVLFGZIAKR LA F o RIE AT

Ao B L, ARG RS LA MR TR RANZ L AR 6 iR 2 d



A&, LhARR—FBFEATHREGEFERGERL. AERBFAHR, +
) 89 AR A T AR, T AR L AT F AR

LR R GRS BUE AR 69 B AR, de T R BT — AN R AR S A G B
FAINEWR? SRR E, EAF AT F 3R89 IR AR Lo LR AKEK Xy

Yz 3 S — R SRR R B R VT 2 R R B AT L B R AEIR B AR AR LA AL B, P —

\

AR T HAFHRABEANTFETFHRT, BEATRTHEATRAEEA v &HF
BT

AT sk, UERNAREM R LS, £ SR AA P AR T Rt 4 ik 2] 55 —
R, #2F (INEZARE—FATIPEA, HERFEL, BZHFT, A
2GR EAF R Gk SR AR T BT RGER).
AFEZHEGEM LR ZRAT—ANEER AL TR LR BINIR A X
KT AR E A — AR

Virtual State

IR Rayleigh Stokes Anti-Stokes
A 416 2ETEE—
SAET SR T 2%, CEHRERTOACTRALGHRNE R AR EZ NG
— M LR, EETFHRI L, ARKRFERS A —REAHRE CNEE—RE
BT —LREETN, AEORACTRS, ZANESERRABLS. L E8H—
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MMERGER, BAERZLE T RECTFHE—REAESARECTRGHRAESE R
F#BAS

FE LSRR, BN R R AR B g IR0, R A R IR £ 1A
AR eg, B FRAAAERS, ARKIEFY, BARTESHT, FAELE
SEAANEH A, EANEH A T R—NCBMEE, ZNBIBIIE L I 545 6
FAEER AANRS, RANETFESHYEFEAS, AR O T RS Z FHRAS.

AL F I, CARARKE, CABSHE. AR mRIER — R B
B EE, WTFAFAE G wEmY, TAFL—ANERAHA, R L
F 09 WAL i KA HE S 69 AL A R R — AN R 69 B0, SRR BB F IR S KT )
T—ANEAHE LS. BEARTFHIEM A (LA ARS) GaHE, AT
5B EEREREENE, FEATRE, AANREES., EAYEIERGE
F I RE XA, GRIFAHAA X RFTRARAFHAFRR AL,
B BHEARS R E LSRRG T AL, EARAGZ).

BT XA AT, AR A AR BATE T A 5] JE . X gk R gt
P, ASLEE R TS E, 2MAIFE — R ET. Bk
R REEE T EFHRE, PFHRAS. LTFHRSMEALEFT. &4
#27] Stokes #At. MAFE| AL EH TR B R A ATFBLLECTFRE, BT
A& BPFRZTREZADE LTRSS, PTAS. 54 p, AxAIEFH#
S 89 B FRICA TL T AT AN B FXAKR BB ZHLLEA RN
i, AL XA R AT AR A R, AT R A AN TRl (1928 5F) 25,
e (1930 4F) #AFTENRYER, INFTEGREZMH L, L ERAEFEA

Blek, TR EA LT A 289 R BT R AI A LA R T A, BRI AR E R



RE, BARAFRAEZFTHEEAMAGER, RANKLIARTG,
F A AR R R G, T b T 0 IR, 1923 409 S0, 1927 Sk
BTER. EGHFAE—ME LGRS, HHZHGHE, EATEXR
B WA RIS, — 936, MEFAR L LEMESNAE, T
L, EABREH AR, AT R EA A EA RGBT 5 0 & B2
BRIREL, AR AR R A 42

®EEM, XA SRR, AR E, BAGES AR

Stok
Ores Anti-Stokes

Wo

v

Wo — Wy Wy + W,
B417 5% FEE=
W 6 Kok A R 69 R A A . Xt Anti-Stokes ¥, & T8 B A G4 09 iR
AR BAS, KR T RAR, BAS— & BTN,
1 5] Bt A o RAC TR BT IR 0 de e, BT A B L3k 3F 00 L@ AR
NE RSB T —AMEHEEX, REFFELEER—R I, K—RIOB, KRt

R R G FAEIRF)IN F
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Rayleigh
Scattering
Anti-Stokes * Stokes

Intensity

Increasing Wavelength =——»
<+— [ncreasing Frequency

BH418 ZgiETERA=, XAR —#Ek, FRLREK, KiEHKs, 5 LA
8 R

FF eI —H, LR ANRFZN, T @ AR A kIR M 2 Fe
U RRMA, AEFELG, FFUIBHEFREYRFHESDLEF A,
BN T, FOKAE 5 R BRAI R F T 09 RAEIRS) 5 5h 3 Z 8] 6948 A AL F
T = £ CABMAE, I BRI B I 5 LT 09 w3886k & ARl XA
BAN—HEA,

AL % L, — M TR A AR R R A AN g
AR, R)G W NS A E S UARIE S F AT LA G486 B T AST LI
RBE B Gty RAERF), © - AIBMAE 5, LMl — ML &, X AHAL
FILAHA, BRI X 309K E. AM L HE cos(wt), w AR RIS, ©
M —Ae = A 895 5 wABALIE R

i =&-E; cos(wt)

2am 5% WAL %7K ¥ (Raman polarizability tensor) .

T RIERFHBHA TACH . FAVICR FH AT B3 F 69 1R 69 4840 &
WA, R FAZOGEBEH T ECHREIRAAT, |4 &GP ERAEX = @y + A,

HEha, R T, AASAGH R F ORI Fo, MR T, FT



A&y cos(wyt), A&y 7KL i) 4k 69 vy § Hs 3R 5 7] AL 69 A4k & T A0 08 B
TH WA NS RIBHAER S F) A &, - E; cos(wt) AT - E; cos(wt)
AP oA NG F, WAEEIKRE:
i =&-E; cos(wt)
= (@, + AQ) - E; cos(wt)

= (ay + Ay cos(wyt)) -ﬁi cos(wt)

= &, - E; cos(wt) + ATCZIO [cos(w — wy)t + cos(w + wy)t] - E;
A E—RIMEZAS AR, AT R GIMABI Ry F AR5 H
ZR st R 6 % 45 % 2R & 69 Stokes 5 Anti-Stokes £ 5)

X 35 F TR0 B e B 8 AR

l— cos(w * wv)tl -E; - Eq

EABA LA 038 B, XA, b 69k, Frat i 6) st 45 LAk 2

(% )

BN ZTHER, AR AR, RO i XA KIELE M Tk 69452

- [A%O cos(w + (ov)t] -E; - E,

m
Fatrsh—A4f, KA E|Y,) RIFBFHAS, B — LB EFRFMAFEHLT.
kT~ [ cos(o + o)t - By Es 2@, B 5EGR oM, # & 569 sHaR s AE R %
EMINAE BHiE 0, HAAG XA GRS 5| ARG K ZREA 2 R RATRBE
BYIR & R? KRG 5 RAEIR B | WL) B 3t 5 69 & T ARBE A R T AT AT T .
MmAdy XANZHKE, REWAR TR TFTHEGEH 2 ABARGZm. €
Xt B G ARBE GG ST AREAE 0 T 5 kR Hot yi 22 xy. yz. xZAB .

B St — N B 4 A AR B0 o F R AK, RAVEF C Ak KAERF A
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FREWN? A CXARNIT R R T YR T REARBELE ¥ 225 xy. yz.
XZiX e Z R FFIERT AT o A EBBARANCy S8, HEGRIEIFL, &
AT UK At A, 5B R T #9 R T 89 AAEIR A A £ E 40, A, 5B,
89 A o

AT & EAVBF LI 69 B E L AT A, 5By 09 RAEIR S R A bR, X P
G TFARRGFRERT. AFEHRE, shLashtdH 25 FHe, 56,4
ZRFFHRE, PTAR LN ER GRS TARH L ue mAnZH RAGFHRey, 3t
B8 |W0) 4B B F ARG, BT A 5% 0 IRF) TARAR L go A ANEW B Ak
TR, XA EAN R LA PO ROE AR R R R, BRREA TS
BOFATARMER, BMAZFRL 0\ g ZBFTRLIFEZ TR GIRK S
Fo EANIME, XK, RAFRNALLEI T asbEHG,

5 ik A B AR X 09 —AMp] T kR X S ARRAT 89 — AN R Em AR 69 7 ik, W
F=9R K% (Sum frequency generation) o X AN AL VA JE &M L5 69 LR 2 @ 4R
FT%. FERBAERAREZN 0L —MZFrdfe, RNERa s ashgOaA—Hr
FEEEZIOREIAA T, BNERINMRIE AL LI5S TR, £
RARNIR, BT RART 9 0%, BN—BAARAEELE P S RIESFRE, 3
TRETCRIEMMRENY R A, B TLI5HREH LA, PRESHERB. M
TAREE, BT P RS ARE s s, Lo 53R R A AN, AT 5 R
SRR S . Bk, FlR LEBARAZART S 09X —1THAR, LE&RKL T
B — ANHAE[S, 19].

Be —NEZ LA 6 T R L e At SR AT 4B AL

—

— [%io cos(w * wv)t] -El S ‘PV)

(%



Wit , BAVRARE. B/ TR 500 TACE R M ALE $o o RAZAE W
R, B S R T B A, AR 4 BT 8 6 8 4R 2 I K Ak AR R E T GE,
TR R A R — R RT TR B . AR B SRA
(Tip-enhanced Raman Scattering, TERS) # K &9 Z & #h 2 X 7 @ 69 — Ao Fo X
@ AR K ERALIT F LI E LA — 2 S 0K R T, A

FARGF F T AT B —T[20, 21].

46 FHLREHE Y Bloch %

FEERBEHRS, ENPERRG—AETEHERRET (BT K5 F) #
FI6G BB . AR (T aARE) T oAl MR, S & — A
BT R A —ANEH K, R, BRE XA

R, = 1,3, + 1,3, + 133,
IR AL T SN ANE N - LF O oY N PD ROE e R hY Y U

AR — S R AR B 8 AR, A fee T A 6], € R RAERE R

=

B 419 §e5 A
MAIASFAT S mAR, ARE R AT B 69 A AR .
LA B XA, mAr Rk, — R, A Em B e K& Ak,

G cell TR T, XA K49 cell 3T A el &6y st il ; — 2 ab R I 5 — A
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Bk, Wigner-Seitz Cell, A =4 4K A 6], XA cell 698k # R A TR &, 2

HMEEGRENELBF 2L, TR BRG] GER, ke
@

A 4.20 Wigner-Seitz Cell

ZHFLT, MEA. R, @ sy Wigner-Seitz Cell 53] & :

A 421 B a. @es AR 2 = H Wigner-Seitz Cell



AR E ARG,
3T F SRS 69 UK, ENREBRMN—B TR KR LT R#E, KL T3
B A A B S A B AR, ] A AL B, EAAEby. by by
0 B LR AM RS, R
- 2t
by :ﬁ(az X a3)

21-[ —_ Ed
2 = 6(33 X a;)

ol

b; = ﬁ“ EED
QA g7z A b Ja JARAR . SRR foc, xFRfE) 7 A) B Z bee; dhAROZ bee, A
18] == ) & % 2 fec,

b R EA B AR IR b — 2 B kiR 6 R, I A A AR . TR
HAARIE, 50 R RRFBR,, AATEHERARTHIHRAG SR, 5 Rk
KFRit, FHEEERIAT . ARGK, RNAERANEDF L4, R
{EIN,3,} = {EIN,3,} = {EIN;35} = {E|0}. it #8935 b . E{EIR, ¥ A9 £ & 2 H
R— B, BA:

1. fEEH AT R A — A8 % H{ER )24,

P

2. A4E,

5. {EIR}# 4 {E| -R,};

4 . BFHEE0},
XANBEAR A A B

PAERMNFE T AT AETHBE, XaFhH LB RR? ZERHE, #
RAT B, EHEIANEEZAEALRH— 5, HATFBELZANT N RE,
Bk, s Fw{E|N;a } = {E|N,d,} = {E[N3d;} = {E|0} X AN A bk 2 % fe k2 5L
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8 dh R, FABRE A I ANy X Ny X N3, £ 69N Zd 2Ny X Ny X N3, ANy X Np X N3
N— L TREN T &7

ABIAR T 69 & F, A —NEAERER G T8 ZTHET AR, CHTl
B FRAFIES o BAAES, BBAT & R LAARB I 091938, CARKE R
— AL E MR T XL BT E ARG RGARBE, ALK g HIAME,
HAEBE R, L AR 89 0TS R ZARBREANSE R HRT
B e REANKFHERY, RERLE - FBHERERAEE, ) {ElE;} {Eld5}
ot B 6Py ) K AR MR, BAAE LA R TSR BE AT

PA{E[@} A %], 4 P () = W(EF —d,) = DHE[E}) Y@ . b FAMM A R4
#, ADNM{EE DY) = (- Nid) = p(), Aviskz. BHADV{EE,}) =
1. 34{Eld;} {Elds}, FIAFADY2({E[d;}) = 1. DN3({E[d5}) = 1. iX & 2 s D({E[d,}).
D{E[.}. D({ElE:})# & %. %DW{EE,}). DHEIE.D. DAER:HZFE, *
THRTHET T o

Z3kDV1({E|3;}) = 1. DN2({E|3,}) = 1. DNs({Elas) =1, &AM R EZR

D({E|3,}) = exp [21Ti:—1]\ D({E|3,}) = exp [zm%]\ D({EI3;}) = exp [2mi ;—] =

s
2N3

HRBER, LHREATBEG—RREN. FATHET, RETUAS N N
XA R AFIR . BRIANBUA TG, EENHZHORENRTLHETF, 4

Btk Ry = L3, + 1,3, + L3, 72 51 69 & 46 M sk 2

2

- /ny n n;
D({E[R ) = [2 (—l ey +—l)]
({ | l}) €xXp 4T N, 1 N, 2 N, 3

—

BAME, FIARMZATAFEE AT, 465, by bybd,

v
N

V|
w

6 % 73 by = 2mSy, RATIRT R 66 %

k=g 42y o Osp
"Ny "N, Ny °



RAFR T BB — BT EN. RTLHRT, mELZHK, HAE TR E—H 2
W6 B A8 G R T

D:({EIR,}) = exp|ik - R/]

0935 BATRKRARIR € F 89 AEA YL (D), B KBS R kA LA T
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DR &9 7T ¢y k7 A B T o oW (r) AR E 49D, B 69 1 T £ & 7 ZAT,
{E}s {E} {ch‘ ECZX}\ {czy‘ Eczy}\ {czz\ ECZZ}XUL}Q 89D, B 69 4 HEAT 4
AT 11 1 1. meAREA SUQR)BE G R 294 T 69 FAEAF 5 5] &
2+ -2¢ 0v 0y 0o XAEA)IEAREKTHIFAEAFILA 22 20 05 0y 0o XA
BFAE AT R 69 T DL R PG AR AS A2 AT, B SR o R ED, 89 R T 4 &R
A, arIFattLE ARG L. BTAMNLT, ZERIBEZE,

XA T8 RAEA TR T DY 69 R 24 AT AS B At 6 AR A

4o (1) A, B8 1 T 20 K 7 RAZ, AT, KA, (B} (B} fezes Bepus
{czy‘ Eczy}\ {czz\ Etzz}%fﬁiéﬁD2£¥éﬁ#%$E$ﬁﬁfﬁﬂ£% 11 1. -1 -1,
v v <10 16 -1, &1 1. <10 -1, 1. mEAARE S SUQ)BEH KT 4%
TORAEAFE A 2. 2. 0. 0 0o XA 0915 AR AT HIEAFL LR 2,
27 05 0v 0o AT 6945 SAe L — B89 R0, F R RHMATEZ AT,
AR RED, 89 R T 4 & TA AL RAY, Bk MR A Aae L.
B TFAANET, £ BRI EZE, XA T 69 FIEAS TR T DD 69 R T
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ECZzﬁ%m#%ij‘%o ‘h;‘fcz:yéé’r%"&> 4if3‘c2x5ﬁc2x&)&%]m#;'—é7t%o iX,’E—.

2 R TAS AT 0 AR . BRAZFHHF, REANAEGIIAS ARE S

SR ES LT .

BNE B LAE L@t T, BT AE, #1302, 5E0,. 5

(4

TUF )R8 FARAR AR — ANk A 5 XA kAR A d A X AR TR L

WA AT, HA=KREH S CREEZEH RO TLERTE—%.

1) 2.

11 3.

2Ry ADR, A EAE, (B) [}, chcd {c. ¢ {c@.

C)e * i 4 A—HRTH AT | AZHRT L RR. #E 9 WBHDY,
HTFEQZIN, $ TAATE, L 16 AE. CIR A 2z 3 E & i at4H 5%
m/2; EC3R & z #hE @ B4 4571/2, A0 5T 2z 4 Rody i a4t 42,
WCIEECIR %. R, C35EC;—%; Ci5ECE—%; cV. EcSV. ¢,

ECP—%; c?. Ec?. ¢ EcW— %, awE{E}r—%, (E}2—%,

— R Lk

O #A 24 Ak 5 A% {E {3C2). {6C4). {6C,}. {8C5}. AmATE
%, {E}. {6C,}. {8C3}Ar2 Ak LERE, 5B A(E} {6C). {8C}ixA%
LT Em, b {EL {E}\{3c4\ 3Ecz}\{3c§;\ 3Ec4}\ {4c3\ 4Ec§}\

(4BC,. 4c3}i k. #3C3), wFRZA-kimEEn, BECHSE
MR %, £0°F, &A%k {3C 3ECE. M4, (6C 1z, £OPF,

s {60, 6EC,)

4 oAk, OPBEARA 48 A%, {E). {3C,. 3EC3] {4c,. 4EC3). (B)

{3ci. 3EC,}. {4EC,. 4c3). {3c3. 3ECE). {6C,. 6EC}An .



s+ & & Burnside & 2 762 :
12+ 12+ 22432+ 32+ 2%+ 22 + 4% =48

OP 2 8 71 7T 29 k7 AHAEAT A A

1{E} | 1{E} | 6{CZ} | 6{C4} | 6{EC,} | 12{C;} | 8{C5} | 8{EC3}
r, 1 1 1 1 1 1 1
T, 1 1 1 -1 -1 -1 1
Iy, 2 2 2 0 0 0 -1
Iy 3 3 -1 1 1 -1 0
Tye 3 3 -1 -1 -1 1 0
T, 2 2 0l 5 | 3 0 1
T, 2 2 ol 5| & 0 1
Ty 4 4 0 0 0 0 -1

#.5.3 OPBf4F1EAF &
w6tk R A B sk A Bl BB, ALK R BUR AR B BAE, de kR a9 dR skt
) EBE A LR, AR 43R 6k sh a3 B AR 6 MABEOD 69 SR AEAT £, 28
FAVFT @B, SHAA A LA KM, 5{E. [ — 4R TR FRAR.
A B R G R R AFIR, AW, TRIT . T X8, FFHE. T,

RIS, T3 T TAI, T, Wbk,

R @E L, AR A RN K RIREEANLLLEF) 5B B 09 HFAEAR R H

22 R

kAT R, ILAEE B A 5 R AT LA ANEA RS, TR AR

G35, EARFE B RBGIE, Oy R THRFTHENEETALHANEF;
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T B T AR A kA WA, OD RT 4 R T AL sk A — AN BT

AERMZ AT 3 09 R FHE £ S #53 F 0955 ZAF A0 F. AT &AL
—/N3d FEALABRT, E—NEEO ARG HIRT, d g 242 A
Eg 5T, EAE 55 T RSB AT L AT 09 —HAFIR, AR =2 5 =%,

g REAZINERBFHR,

Ak b, £ Wigner 894738 T F, Eg 5Tog 2B AT, 51550 I~
Mk, L@ igF, Fzs/’{ NZY kT, E@mesAAwT,

ANRAFP W, BAA L LA,

PRI ARMEAGS, THh BT X AANSHEREHLT . S FoFiX
Heghae 12 9% LT, 20N 2 Emitieey, XA fk 12
H AT SURB k7507, [T AR, KEREODHRTY

AT AA TR T o

R, AEZIEN:



g (6) L 4
T @
L@ @

Crystal field Crystal field
with spin but with spin-orbit
no spin-orbit

B 5.4 i b il A g L TER
KA =AM Fo 3T BA Oy BAFATARME 09 f 4K, B 8958 12 R A F 18 2840

FB A 84 B AE AT VAKX A AR IR

0.4

_02
= -
s -
e =
0 o
-
) 2
e o
= -
Z-0.2 -
0 ]

=
I

=06l

/55 AXErBeSNEETER

F T RIS VE, AL
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6.0

0.4 Mz

(Li+Lsy (Batis)

—4.0

=
[

-0

, ENERGY (Ryd)

!
r
=
ENERGY (eV)

0.2 |
—=4.0

-04 |
—=6.0
1-8.0

=-0.6

(A) (A)

B 5.6 & Bk A8 609 fe i T & A
A LA ZA? ABHERIL, RAVLLB 0 FUFHRAE [, BEAT L 55
TR Fol g Ao X5 gv u (RAE. §i) ZBREFAR AT LHe Ao
LT AT

3T F O BT, 89 KRS, OPZEM) T @ik ok K49 454047 H

HE} | 1{E} | 6{Ci} | 6{Cs} | 6{EC,} | 12{C,} | 8{C3} | 8{ECs}

3 3 -1 -1 -1 1 0 0

Xk KA B E A, SUQR)BE R T 2 KR T 69 S AEATARYE
Cosée_l(a+y)/2 J— Slnge_l(a_y)/z

2 2

HE} | 1{E} | 6{Ci} | 6{Cs} | 6{EC,} | 12{C,} | 8{C3} | 8{ECs}




RAHAARTFHMAR, &RE:

1{E} | {E} | 6{C3} | 6{C4} | 6{EC,} | 12{C;} | 8{C3} | 8{EC;}
6 -6 o | 5] & 0 0 0
TR, RGO M A T @& ANOPBEA R T 44k R o) A A
I 2 2 0| vz | vz 0 1 q
Ig 4 4 0 0 0 0 q 1

B AXANRE, RAVE KT A B WA @B A G M LEARA,

ERAZREEL e SUQMMAR, RIGIAESE BB )R, F2093k
R BB R AEAT R AR A AFAEAR Ao 32 A dh AR AR 0 RAEAT A KAV
M A bt b B GG EAE R[5, 22-24].

RERG AN 4 ER? B ARIASEZ—Fraxt® R, L2 BNEFRT G
F LMY IEET XN —ANRA KR FEREMRREYE G — Loyt &,
oo 36 3 46 %4k Weyl Semimetal, 723048 &4 B @A T A R4 094E . X

S 5] R % AR YL S IR T T AL A AR S #TAG N AS, ARAN AN FE BT ST 89 R AR T At

\.‘

fRAR, B AZIARE, RAEZELFIRATIP IR S AR R ARG BARBAR

REHE, £ %mP 5 BARANAE K5, 22-24] F 5 3 .

5.4 Clebsch-Gordan % %
C-G A IANA R L H A/ NEE 5K Alfred Clebsh (1833-1872) 4
Paul Gordan (1837-1912) #2. #1484 69 9] 222 7 AN 3R & 2048 ] )5, 4o T
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R R AT I Ao e T Bk, AMEANCTARREEF AT AT
AG Lo MmN E AR, XLABFRFTHLTHRTARE Afeny A, FH
AIANRE, X35 H EE BERY REFENBH. BNFRI, ZHH LM
W), T RS AR R B BEAR AR89 5

SRR E, Wi ARR RS R R EREEA2 +1, HjpARiRe3E
WO RFEEAGPHER2, + 1. BHFART AL HERZQ2); +1) X (2, +1). 484
Ja, JRIBALING — j2 Bljy +Jo, BAJOHEERZ +1, BHEEKLEA2); +1) X
(2, + 1o IABMA =AM, +1) X (2, + DEF A E(2j; +1) X (2j, + 1)
Y A eG4, AT T AREHEANEE R mBITIFIR. RNE Zeid ey, 2
j, m)EAFAESRE 2 Wy, mi) Hljz, my) ey RAPE L LA S mMAEG? XD

Z 7 569 XFAREE, A

_ i )2
l'bjm_ Z <m1 m,

)] J1 .p,J2
m my ms;

mq,ms
b (0 T2 sty = 1720 KR SR R, L2 A
(]1 1/2j>
m1 mZ m
Ji+1/2 1 1
ji+m+z\ ji—m+2\
2j, + 1 2j, + 1

O AR I XA AL F A, NAAAAELZRFE R 2EEHFE 19 #2220 #4
MEREF, BHFR. HEFR. AFRG AR FEZIANRER® £ TR L. Alfred Clebsh &
T AR, 1868 FuE K F e+ K Carl Neumann (SLigfF S 68T 75 Bl 5 245 69 AR A
Weber #wif £ 5§ 69 AR A Clausius A X &, FRMNELABZHIANZFAHFHEF ) —RETH
Mathematische Annalen 2% & 3} /)5 k698 F 530 X E AR 42, Paul Gordan #AR A R T B2
I, AT FA, CG RABINTHHMF EHRAE, AT FHFRAERRZE, AELF
T HME



J1—1/2 1 1
h—m+%2 h+m+%2
2j, + 1 2j, + 1

& 54 j, =1/22% CG &%k

Mj A BB RLCFERGFHN, AL G ETREICET A E—BF LT
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FxF EBH

BRBIITUALEN BT TR, —NEZNRARLLGHERRINAH ZHG
AR, thde 2R AT R % Ho, EERERAEIRP REAR LG IS
AR I B TR AR T AW ERAE R 5 IR B, BTR 89 A TREE,
HRIM T EBBY T (F—FHNELHE), ok, FHRHFAERM R
—» B FZ RIS

PR XBEE— ST, RTRERBR S AR, RABG -/, AR
VAT & F 2] 69 5B S5 2 ) B SN BE R A9 AR A — AN T AAES A9 AT AR M
XY EBA, LEMEG TN LR TR SRR EGTRE. LS8
THRARAB (BACTRATUE-ANARTF Z 2T, LTAE0TREKRT S
BFRAR), XEETFAESHEZN BRBNG I TAHETRIFIR. RMUAF LA
1926 88 T H R4 AR TFTEANELCTFRAREZI G —EA—AN#LE (2T
REHEELTH LT RALEFRAARATD) . F P RAEGLERATR A A
EERTFIRRZ . R R A BB, L BN X L 2309 B RB AR
3|7 B 40 FR, AMAZTEOFRLIA T — 25k, FE2HIKRIE ST
oA 3 b 693 8 R Fo xRN H R A8 T A L 58, 12 B b AREg
B, iX 7 |69 4% Biis % 3% Ligand Field Theory ( Sk &4k #%, Crystal
Field Theory) [25]. HB/Ek, BRAME PR LT P GBS L ET
B, BE#BERLA — ZR A5

ARARF, Bl TN 2 On BrE8E; DB AR LS| 2, 3)FH0#H
RTHET;, DERTFRFRAKZHK. LFHAERLF R £HF#F S

B, W TR A, R E B ANME R A9 R RIZ AT, AARIE R AR AL T



D Wo BUiL It B AR R F T A LK ([25], BER SRR LR LT FM
5 3 32 49 B 7T A% Dressclhaus 204 % 18 ¥

REERAG— SR TEZNH TR AEZLNE, Bt ERAFLELT
MY SR FIRA G R EAH ARE, BB KB =) 89 B 5 5 LR ([6+

9-11. 17| T £ % M &Ko

6.1 n HrEHRA#
(H R F #8922 30)
X 61 HaAKF(, 2. -\ n}HFla,, a;, -, a, (EE, 2 HF,
‘aL” RAE—A) BAHIIby, by, -, bR, HA—An BrEHK, 2
Hs, sAHBXA:
S_(al, a,, -, an>
by, by, -, b,
BABBTHER, t2Fea, XHby, ayEAb,, -, ay,XAb,. €& FET
AT, HETHEEGHIDRFRL, e
(al, a,, az, -, an)_<a1, as, a,, -, an>
by, by, by, -, b, by, by, by, -, b,
RZBARF BT
X 62 BHA: EXAARSRL s WM s HABITERs, FHITEH 1,
WAERFKEAN THA N o0 FEBZHREMR—AFF, ZAFHKMRA 0 BrESR

o Brad A, LASH.

Ay, Az, -, Qp

BZIANFEY, FAL AL F E Xﬁ'5=<
bl: b2> B brl

), #AsT =

b ’ b > T bn
( o ) B Rz H R LS, SHBAHA nl,

a;, dz, =+, Qp
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€1, €2, v, €y

ixas%ﬁ:—#%%%ﬁ&( )%%%ﬁ,%%@heb

ey, €5, . e
vy em), HHHOD A m AR R B
R, T ORIE O
1. 43PN BmEsbat, ARKRRF —/ANeik, Bp:
(er, €2y =, em)=(e2s €55 = ems @)= (ems €1, €20 s emoy)
2. A, ey oy em)B(fis oo s fo) BAAAREA, WATMN
M EIR S, AR AR A9 ) 69 kB R AR, B
(er, €2 s em)(Fir for = )
_(ﬁ,eb e iy frs R)

ey, ez, =, e, f2, f3, =, fi

_<f17 f27 B fn7 €1, €2, -, em)

fas f3, s fi, €2, €3, o, €
=(f13 f27 R fn)(el, €2, o, em)

3. AT n M ERE T UYMW A EIR L R B RAR, rhde:

(1, 2, 3, 4, 5, 6) =(1, 4, 5)@(3, 6)

4, 2, 6,5,1, 3
R BRI ., AT ES -, AELEIL, BITERAHK, RE
K, A BRI — A,
ERB|EINMRZ G, BB TN E -, T4 Emigtr. Rk
Ko IXAFALAT — /B HAR 7T VA R A 5 309 A7
4, #H@egid ) HARTR, thde:
-1
(61, eZ7 ER) em) :(em7 em—l: Tt el)

5. =Bhiedt(er, e A B, AEE—A m BB T RS Am — LA 4



A, BHA:

€1, €2, €3, > €m
€1, €2, €3, > €m €2, €1, €3, > €m
(31, 82, > em)z =
€y, €3, €4, » €1 \32> €1, €3, > €m
€y, €3, €4, » €1

= (el, ez, ", em)(€1> 92)
z(el, € em)(€1, 63)(31’ ez)
:...:(el, em)(el) em—l)'“(el’ 83)(91, 82)

6. Lm#FHRE —MEZERT UG R B KA, MAET—MNEBTIAE X
XA RAR A2 RAEZIANEB AT B EAZF, BT Z AR — R4

s AAREA, B 6 AMER IR (er, ), A

(e1: @) = (20 @)(er: ea)(ez. )

A
€1, €2, €
€1, €k, €3
€1, €k, € €1, €2, €k
(e2, e)(ers ez)(ezs ) = = = (e1, e
€, €k, € ey, €2, €
€2, €k, €
€k, €2, €1

B =R, 463 58 L, st—AMNeEE—MNERS M A48T #6 k

RT o e
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R EICREIR (R (D)

@ 9 2)e e )0 A )
6. ) )6 A 26 ) )6 e 0 e )

AT E@GANG, BNTRALRZ 505 - EE,

6.1 BAAEE LM H M R ERAS, B — A%
(FA R A3 S M XN ER AT L, BRI eMNA A BRAMNRGIRE T, X
T8 B T F BN T AR FE)
JERA
(AT &, — AP BHAME GG IEN,;, — T L RMRLHREMGE
e tkde)
1. RIERSLE A AR 04 EH . B

( 1, 2, -, n)

Vs = €S,

€1, Cpy =°y Cq
HVLES,, T4 —/vs 69 E %,

( 1, 2, -, n )

t =
dy, dp, -, dy

AT RESIRS S, Ene(l, 2, o, n)EHA (0, o, -, o), RS
<C1) C2s s Cn)
t =
fi» fas s

<f1’ f2> R fn)
C17 CZ) B Cn

T LB K

BIAE, tTY T AE A

2\%



fatst ™1k 2

d1> dZ, ) dn
17 2, . n
17 2> R n <d17 d27 R dn)
€1, Cp, vy Cp f1> f2> Tt fn
€1, Cp, =y Cp
f17 fZ’ ) fn
. 1, 2, . n
AL DL s 69 AT Etst T2 ¢ af s 69 BT AT B e B
C1, C2, °, Cp

1, 2, TR ¢!

&ﬁﬁ%oﬁﬂt%?ﬂgﬁ< )ﬁsiﬁﬁﬁﬁﬁ,&ﬁgﬁ

1> d2> B n

C>C>"'7Cn
(1 ? >ﬂsT@%ﬁﬁﬁo ﬁ%%%%i:(

dl) d2> ER dn)
fl) f27 I fn

f17 f2’ T fn

IAEBE s A kK MEZOHRBE T, s=51S; Sk, L EIIEtst 1T 5 4

ts tT st ettt AF s B9 P ANBIRE T, RAVAtstTIE9 BR:

S15, S25 "5 Sm> Sm+1s Sm+2> "5 Sn
Si:(sl’ Sy, Sm):

S2, S35, "5 S1, Sm+1> Sm+2> "> Sn

FEER—At, €A

<Sl7 S25, "5 Sm>s Sm+1> Sm+25 o Sn)
ti, ta2, 5 tms tmt1s tme2, 5 tn

WK B 5 I HE ST R R X ANF L, Bk c LT 5 A

<52, 5 Sm>s S15 Sm+1> Sm+2> 7 Sn)
ta, 5 tms b1y tme1s tmezs 5 tn
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BAE Y 3E, W AT @ T A A, tsit T AR A A B @ B Kats; 09 BT AT ) AT B 4k

LI

<t17 t2> E tm> tm+17 tm+2> B

tay, 5 tmy Uiy tmets tma2s s

tn

tn
:(t1> ty, -, tm)

Wk RSt G R B Hrdb k. AR CHBRE T, BEAERMAE, Kok R, XM

ts tT st e tsptTigk sy s, s A AR B B9 A R M . sk AtstTI S s A AR R 69

B (BRI IENIF),

2. NAERF =y, LEAMERKEE T ERLHE, RANIHFEH:

Sz(al’ Az, ) anl)(bla by, -,

= (d, dyr o o) e,

AR, —F3ItES,,

t <a17 az, -, an1><b1> b2) T
dl: d2’ Tt dn1 €1, €3, -,

1453

d;, dy
ays Ays
st~ = | 4 %
a,, as,
a,, as,
d,, ds,

_ dly d27
dZ’ d3;

) dnl)(el’ 92;

= (dl’ dzy

oy dp s €1y €g
5 Qn,» by by
s Qns by by
“y ays by, bs,
“, ays by, bs,

R dly €y, €3,

s dn,s e ey

Tty d]_, €y, €3,

FLA AR ) 46 25 ) 6 B il FhH

bnz) (C1> C2,

T bnzr Clr Cz:

Tty b17 Cys C3»
o b17 C2; C3’

e far fa

.., enz’ fl, fz’
e fa2r f3

. enz) (f1’ fa

) )

o) (f for s fo)

bn2> (cl, Cay
enz f17 f2a

s enyr fir fao

oy bnzy Ci1y Cyp»

. fl

. fnz)
-y £y

-, fnz) =r

LA E, RMNALARIET ERHBOEERBENELE TR X R

(FEX)



XA B BB — AN KA. ERRACH AL, BAATAAH

A (Young Diagram) sk 947 B #8F o L X AN AR X 69 B #8869 L€ R @46

1.

TARHS R S ERBG LR INMRER, BABENERETRE
RAEHE AR, michEME XX A ALE——F B X R
XA B EAAFIEA: (v), () = (1V1, 2v2 3Vs .. nVn), Bpig kb
Hyi/A—d e, v N=Brde#, -, vadhn BréeH.

Al FEBAZERA oA, Bk
Y1+ 2y, +-+ny, =n
AT PNRENE AR = &
Sn £(y) 269 BB AANKA
n!
(11y D(272y2)) -+ (0nyp))
ERARAAZM—FER n AEZEY, AFA. 225 LT 6 —Am Hée

#,

(81, €z, o, em) = (62) €3, -, 81) == (ema €1, em—l)

X om AR ERARFGER. IHERAYn A m B ERGE, RO EL

sy

2 Fmm ok,

R A iy A m BB 3, FEA1A A B T, HEF 60 3BT v 2
R, EMEAXLERAy!K, AALEGSFRIRAHT.
ARABIRA — AR AFIL0) = (17, 202, 305, o, i), KARE XL

HE, ey X A=A, A, o, |, P

M=yity2t+m
A=Y+ "+

An = Ta
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TR EA, S Ay S - <Ay A

Y1+ 2y, +--+ny, =n
£ A4

Ai+2A,++2;,=n

4. BHGES I ERTARAHEARKTT . €A 0 N THE, HIF XA

Bt B AT o B AARIRAL Ay o A, B8 56— 71
%A,
m:%qmwgﬁm\Pyﬁ[L1,qo%@ﬁ:
Y. = &
Y =
]/2:0 '}/1_ «yz—l
Y; =0 Y, = °
DSEP: }!3=
{e} {a. b, ¢} {d. f}

Hol HETFEE—
MMEmE, e R—NMHETE B — A B4 EIFE, WARZ AN E

H. WmR—AHEFEEERE, WHKLa. WAL LEEEZAEF,

6.2 AR LG &

T EMNFNHE, RASERFE S LG AT, LTREMNZHGH
# (YoungTableau), #4faf#92 & #4869 REN AT A AT

b RS R Ty, A R XA R IR AR LB RR, A T AN,
DAVERE BAEM . MARXET I, AT RF HR=) RS, £ 562 0E L

R, AT BB BRIFE, RIMTRAEME PN RHITEM, ARE



r, BMEFETTFHMRIANTEGMAE: ) AL ABHE? 2) H2AHEH? 3) H
LAARRRFAL? 4) HERZRLGRMAL? 5EAEZEAY (EEEH, M
FIME) ? Ta, RNARBEZANZHET R

RX 64 H&: HEF1. 20 - n RS, HHEN o NI FHKT, F246
HEHE (AZTHNIHAE).

Bl: Sety A3 2. 18 AAHE T, Ty

T.11|2 15 To| 1| 4|6
3| 4 5 | 2
6 3

Ho2 HATER=
B A LAV 5 A7 7T AR T @ 69 MR
1. §—AETAREFE nl AE;
2. — A EF BT T AN LAT L5 KA E;
3. RA—AHEHFEAHE Tas To, TRT—ANEHRIEZEEH, B Tao To P52k
BBNES A, KL TR FHARR Frra, ay, , an; by, by, -,

boo WA Ta 2044 To 89 B3 A
a17 a27 ) an
S =
b1> b2> ) bn

1, 2,5, 3, 4, 6
s = (1, 65 2 3>::(1)(2, 4)(5, 6, 3)

T, = (1)(2, 4)(5, 6, 3)T,

VA LB )

4 H— A& T TR T EHR(T) 5 5] E #C(T).
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R(T) —ARHAD B T 69 47 F 69 30T 3842 JAR x4 L o9 B B D89 % 2P
C(T) AR & T 49 &3] b 69 55 842 FA0 2 5] L 69 B A B #4499 % 60}
2AR(T). C(T)HR RS, XA B HBEGG T8, RAVHE— 0 NETES); ZH
& T AEOHEAN =1, Az, . A, MRODSBA: 14140 An);
VOLT 2Ry RISy IS4 71 E /AR AR N T [ LR

. AT FIEHD. T RELAANEHP(T) 5QT):

PM= >
PER(T)

AD = ) 5
qec(T)
Jb8, = 140 RAAIB I, 6, = —1do RAHF B, K ZIE B H 5+ B4
8 R B ARG ACA) 3T Bt RARG , 3 89 SRR BANE R A FAN?
BT, BT, A R

(), (1, 2), (1, 5), (2. 5), (1, 2, 5), (1, 5, 2); )
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H
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5B RHRF O RFL——3 R

(iE5)

X EIARELR: PEyo HMBZRPRcH G FEMRM F2MA, HFAER
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Ss 3 31=6=1%2+12+22
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Big |1 | -1/ 1 |-1| 1 | -1 |1 |-1] 1 |-1]| 1 -1
By |1 | -1/ 1 |-1|-1 | 1 |1 |-1] 1 |-1]| -1 1
Ry E —2| - ol —
(2. v2) <x ) wel2|-2[-11l0 o |2]=2-1]1] o0 0
RY
E 1| = _ _
(Xz_yz‘ Xy) w |22 ]-1]-10 |0 |2]2]|-1|-1] o0 0
A |1 |11 1|1 |1 |-1-1-1]-1] -1 | -1
z Ay |1 |1 |1 1| -1 |-1|-1-1]-1]-1] 1 1
By |1 |-1[1 |-1] 1 |-1|-1/1|-1| 1 | -1 1
Byy |1 |—-1[1 |=1]-1] 1 |-1]1 |-1| 1 1 -1
By |2 |-2|-1/ 1|0 |0 |-2[2]1 |-1]| 0O 0
(x\ y) 1u
Ejy |2 |2 |=1/=1] 0 | 0 |=2] -2 1 | 1 0 0
Co(6) E Cq Cs C, C2 cS
1 1 1 1 1 1
x? +y?%, z2 R, z A
B 1 -1 1 —1 1 —1
( ) ( ) E’' 1 £ g2 &3 gt g°
XZ\ YZ X\ y
1 g5 gt &3 g2 £
(Res Ry)
( 2 2 ) E" 1 g2 et 1 g2 et
X“ =y, Xy
1 gt g2 1 et g2

(J:i%':':‘ E=¢€

i2n/6)




C3n(S3) E Cs On S3 th?z,
A 1 1 1 1 1
x2 +y?. z? R, z
B 1 1 -1 -1 -1
| ) ) N N BN O
X _y N Xy X~ y
1 g2 1 g2 €
EII 1 € -1 —e —82
(XZ\ yz) (Rx\ Ry)
1 g2 1 —g2 —¢
(J’-?ﬁ‘*’ €= ei21'r/3)
Cen(6) = C,®S, E|Ce|Cs|Cy| C3 | C2| I|ICg |ICg |IC, |IC2 | ICS
2 4y2. 72 Agl1 11|11 |1 |11 |1 |1]|1]1
Bg 1 |-1 1 -1 1 -1 1 -1 1 -1 1 -1
Eig| 1 | & |23 e* | &> |1 ]| & | € | |&*|¢g
(XZ\ yz) (RX, Ry) 18
1 |ed et e e | e |1 | | et |3 | | ¢
E 1 82 s4- 1 82 84— 1 82 84 1 82 84-
(Xz_yz\ Xy) 2g
Tole*|e? |1 [ e* |2 |1 |e* | e | 1 |e*|¢g?
Z Ayl 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
B,| 1 |-1 1 -1 1 -1 -1 1 -1 1 -1 1
1 2 3 4 5 1
(X\ Y) F1u S N I € | -€% | & |e* |-
1 5 4 3 2 1
e |e*|€e’| ¢ € 5 | et | 63 | &2 | e
(x\ y) Ezy €| € 3 € 2 | g4 €2 | gt
1 4 211 4 2 1 1
et | e € 3 et | g2 et | g2

(Ex ¥ g=el2M/0)
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Cey(6mm) C, 2C; | 2C¢ | 304 | 30,
x? +y2, z? z Ay 1 1 1 1 1
Ry Az (T T N R B R B
B, 1 1] 1 | a |
B, -1 1 -1 1 -1
(xz\ yz) (X\ y) By -2 -1 1 0 0
(Re Ry)
(x2 —y2. xy) Ez 2 -1 -1 0 0
Dy (622) G| 265 | 266 [ 3000 3
x?2 +y2\ 72 Ay 1 1 1 1 1
R, z | &2 1 1 T T R R
B, a1 ] 1|
B, 41 | a ] a ]
(xz\ yz) (x\ y) Ex -2 1 1 0 0
(Rx Ry)
(XZ —y2. Xy) Ez 2 -1 -1 0 0




D, (6m2) = D; ® oy, E | op | 2C3 | 2S;3 | 3C, | 30,
x? +y2, z? Av | 1 1 1 1 1
R, Az | 1 1 1 1] 4
Ar |y 1 1 1 1 1
z Az | 1 1 1 1 1
(x2 —y2, xy) (X\ y) Br| o 2 -1 -1 0 0
(xz\ yz) (RX‘ Ry) Ez 2 -2 -1 1 0 0
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(E&kd: e=e?™3)

0,,(4/m32/m) = 0QS, 3C2 | 6C, | 6C, | 8C5 | 1 |3ICZ| 6IC,| 6IC,| 8IC,
x? +y% 422 Aig 1 1 1|1 1 1 1 1|1
A2g 1 -1 -1 1 1 1 -1 -1 1
E 2 0 0 -1 2 2 0 0 -1
(222—X2
—y2, Xz_yz)
Tig -1 1 -1 0 3 -1 1 -1 0
(Res Ry
R,)
T. -1 -1 1 0 3 -1 -1 1 0
(X\ y- z) 28
Ay 1|1 {1 T S N T T R [ (|
z Agy £ R S R T O Y O 1] -1
E, 2 0 0 -1 -2 -2 0 0 1
-1 1 -1 0 -3 1 -1 1 0
(x\ Vs Z) Tru
Tou o O T I I R 1 |1 1]o
T(23) E 3C, 4C, 4C5
2 2 2
X“+y“+z 1 1 1 1
2
(Xz —y?. 2z% 1 1 & €
2
-x? - yz) 1 1 € E
(yz\ ZX~ xy) (RX\ Ry RZ) 3 -1 0 0
(x\ V-~ z)




0(432) E | 8C, | 3C2 | 6C, | 6C,
x2 4+ y? + 72 A, . . . .
Az 1 1 1 1
(Xz—yZ\ 27° E 2 -1 2 0 0
ey)
(R Rys R,)| 1 3 00 | a4 | a4 |
(x\ A Z)
(xy\ YZ+ zx) Tz 3 0 1 1 -1
T, (2/m3) = T®S, E |3C, | 4C, | 4C, | 1 |3IC, |4Ic, | 4IC)
x*+y®+2° B |y 1 1 1 1 1 1 1
(Xz—yz\ 272 Be | 4 1 € e’ 1 1 € e?
_Xz_y2) 1 1 g2 £ 1 1 g2 £
(yz\ ZX+ xy) (RX\ Ry . Te 3 -1 0 0 3 -1 0 0
R,)
T T T A T R R T R T AT
Ba | 1 e | & | 4 | g | e | e
1 1 e* € 1 -1 -2 -£
(oyoz) M]3 1 oo 3|1 |00

(E&F: g=e2m3)
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Ty(43m) 8C; | 3C, | 604 | 6S,

x2 4y, 22 Ay 1 1 1 1

Az 1 1 q q

(Xz—yZ\ 272 — x? E -1 2 0 0
Ty

(yz\ ZX~ Xy) (RX\ Ry Rz) 0 -1 -1 1

(v yoz) | 0 | 4 o | -




AHFRA = AT T A

CES AL PR

W R T R B F I EmMANE, LR 230 FF

o 8 BE TS S s A U DL 1 SRR

& A FREET | REAK | WEEEs
=4 2(Cyn Sy) ) =4 2
4t 3 2 24 6
(C2+ Cins Can) .
IE 3 3 4 IE 12
Dz Cavr Do) |[ (1]
Dsv Cayr Dan |[|] [
D2q)
=7 5 1 R 5
Trigonal (C3+ D3+ D3g- (ﬂ Rhombohedra
Se» Cay) 1
1 5
S >~
(P .
Hexagonal
Hexagonal Dgv D3pv Coyn

Dgn)

29‘ii7§’§, ﬁﬂmﬁﬁgiﬂ;‘%%;}%% é/%’ Z:;JEE?EJ%, E]%iﬁi%éﬁi%i?]‘ﬂﬁ
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2T 5 3 2T 15

T Ty 00 | (1

Ty. Op) )
#* 7 A 32 A H 14 # 7 # 66

& At R B M AN BR? T L@ e H kA 66 A LB, KR
LR T3H, KA S 0GR AR E R

TIAPR B E B, AR ARRES 2. BARBALS . ERXSKA
G 13AF. WAMEARS 10 RFTRBRAES SH. ~ABRBRAES 16
A MRS 15 . MR EE, &Ml THERES B D
MAEXBEAZAASZE I OFTRERASH 2. SAMKRAS S 44

A, EXBBERARZ BN RC EH 5@ S REESOHE, 6T
Fn—AF, WA ZFF, 12Coy 89 ATARMEAEAT H o FAF O, RATT A ILA AR HF Do
THEXMERAT R LT RBGERAZLI KR4m0, X135,

WA RS B A REDyy SRR RS RSN IE, EH e
FAtE (&4 ey k) SRELEA AAE L. ZHELEMELHERAT
M ABOANKEAT K202, 16 F,

AR KRR E LI Ao BB WS RTE, = 7 & & TUAR 5 A0 2= ) B
NAMATRT AL REBE, RI128. RGO SAE: =5 & F 89D,
WRIEKFTr e 2 REH RIS TR 1A, CauiR¥EE A 7 @ L 4T @ 692 3 ok
1A, =7 dh & P HD3q R IEE A @ 89 BAd (&7 T 369 —k4m) ARE R
AR, AR A dh & F 69 Dap R 35 H A B Do B 09 — K #h 69 LI 5 UK —Ft o

HMEZE, &AL, BERARLE NBHMAEX 4 ELLBKREN



FEMARFRT . 204X A LRRE R, L4AHA BT & AALA
HERGEET! WER A, XKFHEPTA #40 N 546 Bilbao # AR AR 5%

L, FERARTAT,
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M C Ak & 3F 69 SUBE 69 S AEAT &

AT AR K A2 B b K [22]49 &30 A B AR (5] (43k 2 Dresselhaus 244) #9
% DY FelfR A £, RNERERRZEF TR AT HURR2—%, £

R B BE B R R T AR, RATRBAE M F A ARAEERA AL B E. T ix

)

55, @S R AT e T 4769 7 Koo

He UK P 89 HFAEAR AR 8945 R 3550 RAT R AT IR B AERE L, A 9L A 250 R
HRAFIR SR L. X P, AT APt L EART SRR 5093 — B, RN S4EA
BHRE. ST EAZRALEX, ATHER, BMNELAERNEHN A TN

M4 % A R:S; =1C51 S31 = 1C4. S, = IC;1. S5t = 1C,. Sg = 1C31. S5 = 1G4

1. =4F% (SD. cP)

s> E I E El
I 1 1 1 1

Iy 1 -1 1 -1
I 1 1 -1 -1
Iy 1 -1 -1 1

cP E E

I 1 1

FZ 1 _1

UOH P SCHR[S] 89 IR D £ B A 69 % LAk ([22] 5 LAK[23].



2. #B4+Z (Ch. cD. Ch

co, E C, on I E EC, Eop EI
I 1 1 1 1 1 1 1
I 1 1 -1 -1 1 1 -1 -1
oy 1 -1 -1 1 1 -1 -1 1
Iy 1 -1 1 -1 1 -1 1 -1
ry 1 i i 1 -1 —i —i -1
Iy 1 i —i -1 -1 —i i 1
IS 1 —i —i 1 -1 [ i -1
Iy 1 —i i -1 -1 —i 1
cP E C, E EC,
(N E Oh E Eoy,
I 1 1 1 1
I, 1 -1 1 -1
I, 1 i -1 —i
W 1 —i -1 j
3. Ex A (DY, DD, D) :
DYy | E | E | {Cy | {Coy [ {Cox | 1 | Bl | {ICy | {IGy | {ICx
EC;,} | ECoy} | ECyy) [EC;,} | [ECoy} | IECyy}
I 1 1 1 1 1 1 1 1 1 1
L 1 1 -1 1 -1 1 1 -1 1 -1
I 1 1 1 -1 -1 1 1 1 -1 -1
I 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
Iy 1 1 -1 -1 1 -1 -1 1 1 -1
re 2 -2 0 0 2 -2 0 0
I's 2 -2 0 0 -2 2 0 0
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DD E E _ _ _

2 {Cozv ECyz} | {Cay ECyy} | {Cox~ ECy}
c> E E — _ _

v {C2» EC3} {oy. Eoy} {Gv’ EGV’}
I, 1 1 1 1 1

T, 1 1 —1 1 —1

I, 1 1 1 ~1 —1

I, 1 1 —1 ~1 1

I 2 —2 0 0

c?. sP. pP. cP,. cb. DDy :

DY, | E| E | 2C; |2EC} | {€? | 2¢V | ¢ | 1 | EI | 21¢} | 2EIci | (1c? | g2l | f21c{?
EC?}| 2Ec{Vy | 2EC) IECZ} | 2EIC(M} | 2EIC(?)
Fl1] 1] 1 1 1 1 1 11| 1 1 1 1 1
A1 1] 1 1 1 -1 -1 [ 1|1] 1 1 1 -1 -1
11| -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
IS 2]21] 0 0 | -2 0 2121 0 0o | -2 0 0
1] 1] 1 1 1 1 1 |-1]-1| -1 | -1 | -1 -1 -1
b [1] 1] 1 1 1 -1 -1 |-1|-1] -1 | -1 | —1 1 1
y |1 1] -1]-1] 1 1 -1 |-1|-1] 1 1 -1 -1 1
Iy |1 1] -1 -1 1 -1 1 | -1(-1| 1 1 -1 1 -1
Il 2|21 0 0 | -2 0 0 |-2|-2| 0 0 2 0
+ —_ J—
12 -2 5 |_yz| O 0 2 =2\ 5| _y3 0
+ —_ J—
2 =2\ _5| 3| 0 0 0 2 =2 _5| 3 | O 0 0
5122 5 |_yz| O 0 0 =2/ 2 |_5l 5|0 0 0
B2 =2\ _5| 3| 0 0 0 -2/ 2| 5|_s;z| 0 0 0




cP E E Cy EC, C3 EC? C3 EC}
SP E E IC, EIC, C3 EC? IC3 EIC3
I; 1 1 1 1 1 1 1 1
I 1 1 -1 -1 1 1 -1 -1
I3 1 1 I I -1 -1 —i —i
[y 1 1 —i —i -1 -1 i i
I 1 -1 w - i —i -3 o)
T 1 -1 —w3 w3 —i i w -3
I, 1 -1 - w i —i w3 -
Iy 1 -1 w3 -3 —i i - w3
Lt & Fw =exp [ni/4].
EC2) 2 2
2ECY) | 2EC?)
P, E E 2c, | 28c, | (26, | {204
— - -
EC} | 2Eo,) | 2Eog)
DY, E E 21C3 2EIC3 {C2 2c® {204
= 2
ECi) 2Eoy)
2EcVy
r, 1 1 1 1 1
r, 1 1 1 1 1
I3 1 1 -1 -1 1 1 -1
[y 1 1 -1 -1 1 -1 1
Is 2 2 0 0 -2 0
Ts 2 -2 5 | 3 0
r, 2 —2 0 0 0
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c®E|E | c, |Ec,|c2|Ecd 2 |Ec3| 1 | ®1]1C, | EIC] on | Eoy| 1C3 | EIC
111 1 (11 1 1 /1111 1 1
Fi1j1|-1]-1]1 -1|-1/1/1-1|-1 1 -1]-1
1)1 i i | —-1-1|—-i|-i|1/|1 i i | =1 -1 i | —i
CHl1f1 | —=i|—=i|=-1-1|1 i 111 =i —-1|-1-1 i
111 1] 1 1|1 1 1 |\-1-1-1|-1|-1 -1 -1|-1
|11 ]-1(-1|1 -1|-1|-1 -1 1 1 | -1 -1 1
|11 i | -1 -1 —=i|—=-i|-1 -1 =i|-i|1]|1 i
Iy (1)1 =1 | —=i|—-1 —-1| i i | =1 -1 I i 1 —i
IF1-1 o |—o|i|[-i|l-0j0d®|[1|-1 Q |-w0|]|-il-0}
Gl -1 -y |—-i|i | Q|-w|1l]|-1-0)w|-i] i -
IFlll-1l-w|l o |i|-i|o |-}l |-1-0| o |]]|-i|w |-’
1] -1 |-wy-i|i |-0o| o [1|-1w|-0]-ili|-o| o
|1 -1 o |[—o|i|[-i|l-0j0d|-11|-0| o |—-ili |« |-
ll|-1l-wywd|-ii | w|-o-11|w|-}i|-il -0 o
-1l -w| o |i|-i|o|-0}j-11]| 0 |-w|-i] i |-}«
Gl -1 |-0i-i] i |-o|l o |-11|-0fw®|i|-i -
E & Fw =exp [ni/4].
5. =% % ( DYy, sP. cP. cB,. D)
P2, | E| E |2¢c, | 2Ec, | 3¢, |3Ec, | 1 | B1 | 212 | 2E1¢2 | 31¢, | 3EIC,
Fl1(1 1 1 1 1 1 1 1 1 1 1
LFl1]1 1 1 -1 -1 1 1 1 1 -1 -1
FFl2]2|-1] -1 0 0 2 2 -1 -1 0 0
I [1]1 1 1 1 1 -1/-1| -1 -1 -1 -1
1] 1 1 1 -1 -1 |(-1|-1] -1 -1 1 1
Iy 1212 |-1] -1 0 0 -2 | -=2 1 1 0
;|2 -2|1 -1 0 2 | =2 1 -1 0
1] -1| -1 1 i —i 1 |-1] -1 1 i —i
Il 1]-1|-1 1 —i i 1 |-1] -1 1 —i i
Iy (2 |-2| 1 -1 0 0 -2\ 2 -1 1 0 0
I | 1]-1] -1 1 i - |—-1]| 1 1 -1 —i i
ro [ 1]-1] -1 N 1| -1 | i | =i




S| E| E | C; |EC3| C2 |EC2| I | EI | IC; |EICy | ICZ | EIC?
I 1 1 1 1 1 1 1 1 1 1 1 1
Fl1]1| 0w |w|-o|-n|1l 1 | 0 | 0 | —0 | —
11| -0|-w0| 0 | |1 1 | —~0| -0 | w? | o
I 1 1 1 1 1 1 -1 -1]| -1 -1 -1 -1
1] 1w | w|-o|-o|-1|-1]|-0|-0?| o w
ry| | 1]1]|-o0|-0|w || |-1]-1]| o 0 | —w? | -—w?
1 ]|-1] o |- 0|-0?|w?|1|-1] 0 |~ |—-w| ?
1 ]-1|-0 0| o | —w -1 |-w?| 0 | o | -
It 1 |-1| -1 1 -1 1 -1 -1 1 -1 1
Iy |1 ]-1| o | ~0|—-w| w | -1 —0 | 0 | 0 |—w?
|1 |-1|-0|w| o |-o|-1 w? -0 0|
I 1 |-1] -1 1 -1 1 -1 1 -1 1 -1
& Fw =exp[mni/3],

c? E E Cs ECs C3 EC3

I; 1 1 1 1 1 1

L, 1 1 w? w? - -

I 1 1 - - w? w?

T, 1 -1 o) —w —w? w?

I 1 -1 —w? w? o) -

e 1 -1 -1 1 -1 1

EExPFw=-exp[mni/3].

D2 E E 2C; 2EC,4 3¢V 3EC

cP, E E 2C,4 2EC, 30, 3Ea,

I; 1 1 1 1 1 1

r, 1 1 1 —1 —1

I3 2 2 -1 -1 0 0

r, 2 —2 1 —1 0 0

Iy 1 1 1 1 i i

r, 1 1 —1 1 i i




~A % (DY, 2. ¢, cB. c2. D2. DY)

0.

3142@14@2 14@2142@5 wwwllw
n ST TI3 | T3 SI T3] 1] [ _
3142@14@2 14@2142@5@@5 ®.1.15
v w_ | _w_ _w w_ I 3| ] ] 3
N [a\] <+ < N N <
— | N — | N
S A I A I IR AN 1R A 1R A1 R Al Al B
612@412@4 124@124@4@24@2 | | ¥
n |3 L3 3T ST TI3 T3]3
- A | | | | — |
AR R Al Al N el el B N el e
- A= ||| o | o | =
SN A Il B | I I I [ ] ] = | |
[a\] [a] < <+ [a] o
— i [N ~N
BRI R A IR A R I N R 1 B A R R ARl Rl A
o o < <+ < < N
\nl — [N NN N — |
el =B B 3 R TR s T RS B BT TR
112&4 124wlz4w12w4 wswsw.l.lw
_Mb3 T3]3 T] ]3] (131 1]3 _ _
.ﬂlzwa. 124wlz4w12w4w5ww5.1.1w
7% T3 3T ]| 3]] |3 13! _
N N RS IS [ ey AR IR [V QNI N —
Il Al A A Rl Al Rl B I | | | I I I I I | [ ]|
11111114.44‘4‘1_‘1_.1111114‘
56142w14w2142w14w25wsww.l.ls
&) ST T3 SITI T3]3 1] _ 3
56142&14@2142wl4w25ww5 w.l.lsw
© ST 1] T3 SITIHITI 3] 3| ] Ly
R = P 2 s 2 R s R e s B s R |
2312w4lzw412w412w44w24w2 114@
&) |3 |3 |3 T3 T3 T3] ]
—| | — Y ) | — —
(SRl Rl el B T I o Al Al N Y O T I el Il R B Il
Y O Y ) e Y e
S|~ P T PR P P B P e | T
) ~N ~N | N
S 3= B s P =3 BB s BT T
N < N < n
0 | N — | N n -
IR e N T I T I ot I et I I e T T I e e
of | 3] % | %3] | B3] 23] 3% -] 3
o T3 1] 3] (13 1] 3] T3
NEPR (NI NP NIV IR NI -
M A | A A A | A A | A | A A A | A A | A A A A | — | —
= | 4N
R | o Eon| Er | Beo B | | 1| bon| by | 0| o) B Bl B B2 B0 £




g |1|-1]|-0° o |—0* o* |=i| ] | 0? |-0?| o |-0|-1|1]| 0 |-’ o |[—0*| I | —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°
ol 1]-1| 0° | —0° -0t o | i |-i]| 0 |[-0?|-0| o [-1]| 1 |-0° o° | o* |-t -i| i |-0? 0| o |-w
|1 -1 =i [ -1 1 i |—i] —1 i -1 | -1 1 i —1i 1 -1 | =i i 1 -1 | —i i
|1 -1] 1 -1 | —1 1 —-i| I | -1 —i i -1 1 —i i 1 -1 | i |—-i] 1 -1 —i
Con|E|E | C |G | C |G |G |G| ¢ |c2 |cg|cd | 1|1 |sg"|s3? |sg'|sg? |ow | S | Se | S5 |55
xR Fw=exp[ni/6]. B FEEMMBE, *FFIELLBEATA, HAVEAARETFEA,
DX | E | E | {C, | 2C; | 2EC3 | 2Cs | 2ECq | {3¢{ | 3¢ | I | EI | {IC, | 2IC; | 2IEC; | 2IC, | 21ECe | 31¢S” | {31c?
EC,} 3EcV} | 3EC() IEC,) 31EC{V} | 31EC?}
Iy 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
I 1 1 -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
I 2 2 -2 -1 -1 1 1 2 2 -2 -1 -1 1 1
| 2 2 -1 -1 -1 -1 0 0 2 2 2 -1 -1 -1 -1 0
Ir 1 1 1 1 1 1 -1 -1 | -1 -1 -1 -1 -1 -1 -1
Iy 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1
Iy 1 1 -1 1 1 -1 -1 1 -1 -1 ] -1 -1 -1 1 -1 1
Iy 1 1 -1 1 1 -1 -1 -1 1 -1 | -1 -1 -1 1 1 -1
Is 2 2 -2 -1 -1 1 1 0 0 -2 | =2 1 1 -1 -1 0
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[e 2 -1 -1 -1 -1 0 0 -2 | =2 —2 1 1 1 1 0

ry -2 1| -1 z|_gz3| O 0 | 2|20 |1 |-1| z|_gz| 0

Iy —2 0 1 -1 V3| V3 0 0 2 —2 0 1 -1 V3| 3 0 0

I —2 —2 2 0 0 0 0 2 —2 0 -2 0 0 0

ry -2 1| -1 z|_gz3| O 0 |-2] 2] 0 | -1 3l |0

Iy —2 0 1 -1 V3| V3 0 0 —2 2 0 -1 1 3 | —v3 0 0

Iy -2 0 —2 2 0 0 0 0 -2 2 0 2 —2 0 0 0 0

D2, E | {C, | 2C; | 2EC; | 2C¢ | 2ECq | 3¢V | 3¢P | I | EI | {IC, | 2ICs |2IEC; | 2ICq | 2IEC, | (31CSY | (31C
EC,} 3EC{V} | 3EC(Y) IEC,} 31ECV} | 31ECS}




C| E|E | C |EC, | C3 | EC3 |C, |EC,| C% | EC3 > | EC?
CX | E|E |ICs |EICq| C3 | EC3 | oy |Eon | C2 | EC2 | ICE | EIC2
I; 1 1 1 1 1 1 1 1 1 1 1
L |11 |- |- o || 1] 1]|-w|—-n | w?
11| | o |—-0|-w|1]| 1] 0| o |-w|—-n
[y 1 1 -1 | -1 1 1 -1 -1 1 1 -1 | -1
11| w || |o|-1]-1]|-0w-w|-o0 -
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