HOKKAIDO UNIVERSITY

Title AVNRY MR ZEEOBANEEERS - LBERZEPES HPEFHIBERIL RAPEIES
Author (s) HiE, 2
Citation Hokkaido University technical report series in Mathematics, 188, i, 1-iii, 88
Issue Date 2024-11
DOI https://doi.org/10.14943/112044
Doc URL https://hdl. handle.net/2115/93643
Type departmental bulletin paper
File Information tech188. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




ALHRE R R AR

BEARPAERER 1L R AR AR

SINPAVAND Y RS 2] 1 TN B i =y

HiRHE 2
(SRS, SURAE)

2024 - E 1% HA
10H7H (H)~11H (&)

Series#188. November, 2024



#169

#4170

#171

#172

4173

#174

4175

4176

4177

4178

#179

4180

#181

#182

4183

#184

4185

4186

4187

HOKKAIDO UNIVERSITY
TECHNICAL REPORT SERIES IN MATHEMATICS

N. Tanaka (K. Kiyohara, T. Morimoto, K. Yamaguchi, Eds.), Geometric Theory of Systems of Ordinary
Differential Equations I, 177 pages. 2017.

N. Tanaka (K. Kiyohara, T. Morimoto, K. Yamaguchi, Eds.), Geometric Theory of Systems of Ordinary
Differential Equations II, 519 pages. 2017.

S. -I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, T. Ozawa, T. Sakajo, Y. Tonegawa, and K. Tsutaya,
Proceedings of the 42nd Sapporo Symposium on Partial Differential Equations - In memory of Professor
Taira Shirota -, 102 pages. 2017.

Shigeru Kuroda, Takao Namiki, Akihiro Yamaguchi, Yutaka Yamaguchi, {EHEREFEDOHER © HH—HR
BELEMGEL ST R IR, 69 pages. 2018.

S. Handa, D. Komori, K. Fujisawa, A. Rodriguez Mulet, M. Aoki, Y. kamijima, I. Fukuda, T. Yabu, 2§
14 [FBEERR S H FIFEEE R, 580 pages. 2018.

Yoshikazu Giga, Hideo Kubo, Tohru Ozawa, The 11th Mathematical Society of Japan - Seasonal Institute
- The Role of Metrics in the Theory of Partial Differential Equations -, 160 pages. 2018.

S.-I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, Proceedings of 43rd Sapporo Symposium
on Partial Differential Equations, 99 pages. 2018.

1. Fukuda, M. Aoki, Y. Ueda, Y. Kamijima, T. Yabu, T. Niimura, N. Satoh, H. Toyokawa, K. Matsuzaka,
S. Yamagata, K. Yoshida, & 15 [ A& 6 FFFLESR, 657 pages. 2019.

S. -I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, T. Ozawa, T. Sakajo, and K. Tsutaya,
Proceedings of 44th Sapporo Symposium on Partial Differential Equations, 115 pages. 2019.

H. Toyokawa, Y. Otsuto, N. Satoh, K. Matsuzaka, S. Yamagata, K. Yoshida, R. Ashikaga, S. Okida, M.
Oyama, K. Kuwata K. Misu, H. Ishii, T. Sukekawa, £ 16 ¥R EHE FHIZEES, 692 pages. 2020.

S. -I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, T. Ozawa, T. Sakajo, K. Tsutaya,
Proceedings of 45th Sapporo Symposium on Partial Differential Equations, 106 pages. 2020.

K. Misu, S. Okida, R. Ashikaga, M. Oyama, K. Kuwata, H. Ishii, I. Kudo, T. Sukekawa, M. Seki, A.
Hasegawa, K. Hatano, & 17 [BIECAREE FHRESR, 595 pages. 2021.

S.-I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, Y. Liu, T. Ozawa, T. Sakajo, and K.
Tsutaya, Proceedings of 46th Sapporo Symposium on Partial Differential Equations, 116 pages. 2021.

Tsubasa Sukekawa(Representative organizer), Hiroshi Ishii, Isamu Kudo, Motoki Seki, Aoi Hasegawa,
Kohei Hatano, Keisuke Abiko, Yu Tajima, Katsunori Fujie, Shinpei Makida, 8 18 BG4 FHIE
2 862 pages. 2022.

S.-I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, Y. Liu, T. Ozawa, T. Sakajo, and K.
Tsutaya, Proceedings of 47th Sapporo Symposium on Partial Differential Equations, 120 pages. 2022.

Keisuke Abiko(Representative organizer), Katsunori Fujie, Yuta Takada, Yu Tajima, Sakumi Sugawara,
Yu Ohno, Takuya Saito, Taichi Togashi, Kotaro Hata, Kazuya Hirose, 55 19 [ #6674 FAES,
820 pages. 2023.

S.-I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo, H. Kuroda, Y. Liu, S. Masaki, T. Ozawa, T. Sakajo,
and K. Tsutaya, Proceedings of 48th Sapporo Symposium on Partial Differential Equations, 136 pages,
2023.

Sakumi Sugawara(Representative organizer), Yu Ohno, Takuya Saito, Ryo Negishi, Shimpei Makida,
Ryu Ueno, MasatoTanabe, Taichi Togashi, Kazuya Hirose, Yuhei Kogo, Mao Nagamine, Eitaro Noda,
55 20 [MECAREHE FIRER, 960 pages. 2024.

S.-I. Ei, Y. Giga, N. Hamamuki, S. Jimbo, H. Kubo,H. Kuroda, S. Masaki, T. Ozawa, T. Sakajo, and K.
Tsutaya Proceedings of 49th Sapporo Symposium on Partial Differential Equations, 106 pages, 2024.



a3 EpNE S U =
BEERRIRAFR 1L, 2R hRETE

a7 b RFRZERE ORI &
D HIT

Lie Bf & MM ZER OREARFIHZ M L. 22T a 37 b Lie RO
R L 2 2oy b RFRZEE QRN BRSBTS S WIFERE R 2 /8N T %,



LD E i

xLhtE

Riemann ZHADHCTRHZ K WHEE Z D B DIZ Riemann MFZERIDIH 5, £
HDE B EONIMMEZROZEMTH 5, ZDiF Tld. Lie Bf & MFRZER DA
HIEZMG L, 2 2Fica %7 b Lie BEOMIONEEE 2 RE L 2 > o8 b XHFRZE
] DR AT EEER B I B 3 2 W SEAG SR 2 AR T %,

Riemann XFRZEM] & 1&, Riemann ZHEKTH o THE RIS RN EEDIFE S 5
HDTH5, Riemann FFRZEMET Cartan DEA L7 TH %, Riemann XTFR
ZERE D — R D RO [E]E R & D i i 77 3t & 30 2 29 2
BRIRIZZ2 D Z4UE Chen-Nagano 238 A L7BERTH 5, 2 5 13 H312° Riemann
NFFZEM DO 2RGEHEST 2 L THEETH S Z 2R L TWb, Riemann XHRZE
BN TED /D VO RO EERICTE > TV B RDR D Z RS
MERN, Z#d Chen-Nagano 2VEA L7MEETH 5, MEEESITERESICKR S Z
EhD %, Riemann MFRZEH D HT b KR EWOFME 2 FFD 220 R R 22
DB B, WFFRZEFNTBWTIE, Zy FREL Betti DRI DN BHER & DR AR
—HF % &S Takeuchi DGRV SN TW B, D NIFRZER DXL S B [FIAE
BHEZR > TW2 008 5 PERAR NS, BE 3T OXNPRZER O X5
EEDHSL I 2 TWE DI TR WD, 2 OXFRZER D XHEE S ITOWT
WD EATVWS, ZDHEETIX. WL DD %7 b+ Riemann FHFRZER D iR
KPR E DRI ONWTHRT 5, o0 EMRIIHFPELFIAL
DHFEFILDHRTH 5,

Z DiEFR/ — ME. a8 b Lie BEOMATBERR 77 BED 755G R £ T % HEFIZ
L 7= REUERAL RS D 2024 FEERTHI OB FR DR / — M3 o7 P AFRZEH
DI PEE S D FRER (TN, Z D7D EIT/ 5 Lie B ¥ OHIHD
fREIHBMLIZdDTH 5,

ALHERFTD Z D 2024 FEOEFHBOKR 2 5 2 T2V HEEA D/
MESEXASRH  OE—X A, dM{C X AT 5, S22t oo FEAH
HZRDIED, MEEERGICE T 2R Z RIET Z & T, KD EHR#RmDE
ISR e TER, T, COBBRONBEZHAL TR OHER — T+ &
YER T 22, BERERONEEZBH VTV EZZ0ONERHER/ — MIELOD
BAPBERREZHERL TOAELZVWEHITESARSEH L, o747
72 E D MO T RRICEE 3 A M E D LUET & D b B CREGHH 7R GER 75 1503
ooz, D ZDHEFER/ — FDD IR - B KRFDF#HFE ) — MERD

DB ZT0REZWEEHER S AR REB I OSHOHEK , — MIER
PEERZIRRLTWEEWEAILEX A, EARKEBIA, HPELTFIA, &
DIZHEHERNL RS, AUHE R TERAPHEERZH VT2 W 5 £ IZE#H L 720,
INOEDHFADBPIFCTHYREIEL TWi#ER ) — PONBEERETZ 2N T
7,



i

EUDSE .
F1E8 #f=
1.1 Lieffe LieB® . . . . .. .
1.2 BERBELI=XVEE ..
1.3 Riemann ZFRIK . . . . . .
1.4 Riemann ZHEZE/M . . . ..
1.5 SEEHZEM ...
1.6 BEETRZER . . .
1.7 Grassmann ZREK . . . ..
$ 258 Riemann WHFZER
2.1 Riemann XIFRZERT . . . ...
22 FEERSERBZD2 ...
23 BEREBEZEMZD2 ...
2.4 Grassmann ZHIKZD2 . ...
2.5 222,87 bk Riemann XSIFRRF . . 0 oo
FIE W HEES
3 MML
3.2 MEEEES ...
33 MFRRZEM . ...
B4E MWAXTHEERSBE
41 BRCBETRMER . ...
42 a7 MLieBf . .
4.3 FRXREOWBEERBESG L
44 =R VOO EER RO DI . . . . .
BHE WBAMEES
5.1 HFEa o7 b Lie EOMMIOMOOHEESES . . .. . .o
5.2 83 Grassmann ZFK Y Z ORZEMOMAONEERS . . . . . . . ..

5.3

Hermann fEF & IEE G a > b Lie Bt . . . . . ... ...

47
47
49
57
60



HX

5.4 JEESEa > b Lie BEO MM DM HEE A
55 U(n)/O(n) & Z DFEZEEOMANPEES . . .

BE R

il



1T #fm

ZDETIZSHBONEICH D Lie BER 7 OFEZEM. Riemann ZHART: ¥ D RA
HEZF O TEL, KIZFEBIAR F/-13EZRIKC T3,

1.1 Lief¥ LielR

DI TIE Lieff & Lie BROFEAHTIHEZ F 2 D TW5, iEIHD R WERIZOWT,
Z DFFFAZHID 720 Lie #E & Lie BROBEIER [15] Di#FR / — M R ¥ ESEIC
LTIELL,

EE 1.1.1. 2K G OEHEGE 2 R L, BHOEE» S E X 2514
GxG—=G;(gh)—gh, G—=G;grg!

M O®MEBRICIH D&, G% LieBEr WS, Lie BROBNIITZ & LoEAE R D 1
Lie #ic2 %, TN % BADEFERMSD L MER, Lie OB D ZRIETD H 5
¥ %, Lie BB Bt L MR, Lie B2 5 Lie BEANDEEOHERAUBAR DY O W ERTDH
%%, Lie BFOERBEHR L WS, Lie HOMERBI ML W ESE KL, WE4R
b Lie BEOMERTIBHICH 5 & =, Lie HORBEHRE VWS, =D Lie BEORIC
Lie ORI EBRNFET 2 &, ZO 2D Lie BHZEETH 2 L\,

forE 1.1.2. Lie BEOMERFIESR D E I Lie BEOYERIFUIBARICIZ 5,

Bl 1.1.3. BREXTERZ FOLVZERNIFANCE LT Lie BRI %, B2, R™ X Lie B
TH b,

Bl 1.1.4. n KITHENRZ FIVZER VI LTV OIEEO2{K% End(V) TF
T End(V) E n2 RITDOFER T bVEMITK 5,

GL(V)={g € End(V) | det g # 0}

v, GLIV) XV OIERIBIEH O 2RI 5, Sffdetg#£0&D GL(V)
W End(V) OFIEEICZR D, n2 RITDZHAKICHE 2, ZIOEMICEA L TGL(V)
BHEICR D, S5 LeffiiiRsZ bbb, GLR") X GL(n,R) & dF L,
GL(V) %= —RgRZ B L 5



2 1w UEfH
E&E 1.1.5. G Lieffr 32, GOEBB L, Lt ABBI R, &
Ly(z) = gz, Ry(z)=zg"' (9,2 €G)
WEoTEDS, GEDORZ MG X X, GODEBEDIT g IR LT
(dLg)2(Xs) = Xgo (2 €G)
Zii7e 3 & FERENRY ML FIh,
(dRy)o(Xy) = Xyg—1 (z € G)
Zifilz 5 ERRERY MBI 3,

EFE 1.1.6. EXT PLZER g BB [, |:gxg— ghdHD, TXXTODIT
XY, Z cgiZxfLT

[X> Y] = _[Ya X]v HX’ Y],Z] + [[Yv Z]vX] + HZ?X]vY] =0

Ziilz 3 %, g% LielREIMER, Lie¥R g DT MVERZERIDS, E [, | 1ITBIL
TR TWVWS E E, gD LieBPAERE MR, Lie RS Lie TRANDRIEEBR f g — b
V)
F(X), (V)] = [(X,Y]) (X,Y €g)

Eiilz3 e &, [ % Lie ROEREBE/ L 5, Lic ROERBIGMRIESR %
DY % LieBOREEHL VS, —O0 Lie BORMIZ Lie BO R EG1EET
&, ZOO0D Lie RIZAETH S LWV,

Lie3R g D Lie B gD 777 v v 2HlR T % Z 2 TLie BRICH %,
8 1.1.7. Lic BROMERMIE(RD G AUE Lie TROMERIBIBHIC A 5,
Bl 1.1.8. ZEA M LOXRZ MABORIK X (M) 1ELie 777 v M [, JIBELT
Lie BRIC 72 5,

B 1.1.9. VEERT MVEME T2, V2oV ADEEHRDO2KEnd(V) DIt
XYRHMLT[X,)Y]=XY -YX EDZE, End(V)IZ Lie BgIZ/2 5, ZD Lie
B%E gl(V) TRT, gl(R") i gl(n,R) & dEL,

RHRE 1.1.10. f] 1.1.9 O FEZFFIHE X,

I 1.1.11. G Z Lieftx L. G DEARERY MLGO2KE g THRDT, T5
2. gl G EoRZ VG RIRDRK T Lie 22 X(G) D Lie fi0ERICAZ D, BER

Oégig—>Te(G); Xl—)Xe

EEREARIEBIC %, FRIZ dimg = dim T,(G) = dim G 3R D 37D,



1.1. Lieff¥ Lie R 3

FE 1.1.12. Lie B G DERERY B0 REL 572 Lie Bt g % Lie B G D
Lie IR & LS,

SHBBCKI SR WIED, LieBE2RT 7L 7 7Ry MBS 2 R4 V/INET
ZO Lie BfD Lie TR E £ 3,

Rl 1.1.13. V 2 n A2 FVEME T2 . Lie B GL(V) & GL(n,R) IX[H
B2z D, Lie B gl(V) & gl(n, R) XFAELICHR %,

EHE 1.1.14. GL(n,R) X gl(n,R) DRAEEL D 6. #EX7 FAZER T,(GL(n, R))
% gl(n,R) E[A—MHT& %, Lie B GL(n,R) D LielRE g ¥ L. X € gl(n,R) 15t
LTXeg®X,=(dLy)e(X) (g € GL(n,R)) ICE>TEDZ &, B}

“igln,R) = g; X = X
(& Lie BRO[FAIGHBRTH 2,

AR 1.1.15. €H 1.1.14 © Lie IHOFMER ~: gl(n,R) — g IZX > T Lie IR
gl(n,R) & Lie# GL(n,R) ® LieBR g ZA—H L. 53 gl(n,R) Z GL(n,R) D
LieBRE AR T I LT 5, M 1.1.I3OREE LD, HRXITRZ FOVZER VIick
LTHgl(V)ZGL(V) D Lie R ART 22T %,

EIE 1.1.16. G, H Z LieBfr L. f: G — H % Lie HOMERIAEHR L T2, &
1111 ofERIEER ag : g — T.(G), ag : h — T.(H) Z2E-T, df =
agtodfooag:g—hICXkoTdf ZED S L. df 1% Lie ROMERBIERICT 5,

EE 1.1.17. Lie HOMERBIER f - G — HIZXW LT, df = ot odf.oag: g — b
 fOWMPD SR, ZOHERMHS 2 ER 1.1.16 1% Lie ORI B DM 71
Lie BROYERIBIBHIC T2 2 L EVHRZ 5 DN TE 5,

#hRE 1.1.18. A, B,C % Lie#tr ¥ %, ADEEBBROMIIZ a DIEEEHTH 3,
¥/ f:A—> B, g: B— C %Z Lie ORI EBR L T 2L, d(go f)=dgodf :
a— ¢ 2R D LD,

RORE 1.1.19. v 1.1.18 ZFERAYE X,

% 1.1.20. A, B%Z LicBtr L. Th oD LieREZFNETNRa b BL, f:A— B
% Lie HHOFBIE/RE T5 2, df :a— bl Lie ROFRAERIZH 5,

BE 1.1.21. % 1.1.20 ZiERAE X,

EE: 1.1.22. EFHEER ZIMECEH L CLieBfe AR L E, RS Lie Bt G
AD Lie BEOMERITUE MG % G O—REERDEE & ML,



4 HI1E

EIE 1.1.23. GR Lie Bt 7%, GO LieFR g Dtk G O—BREF T OL
RIEXDHIET 1 X 1 IHET %, X € gl LT X O HiFRc: R - G T
c(0)=e2BbDRTE1OFEL. cld G O—FHERNEHCR D, X egicl
D e BHIEXE B, We G O—EHEHEE LT, EF 1L > T %(m
WHIET 2 gDIL X & c IZHIEEH 3,

E&E 1.1.24. GZ Lieffe L. 2D LiefRZ gt 3%, X € gl LU TEM1.1.23 T
FEZRL X OFEGHRRc: R - GTc(0)=e&R2bD%E D, expX = (1)
EBLZBICEoTERexp: g - GERERT b, exp & Lie Bt G DIEHEHK
LIRS

fE 1.1.25. G Z Lieffr L., ZODLielRE g2 35, X € gl L CTEM1.1.23
DIIGTHIGT 2 G O—FEEER Tt — exptX 1T 5,
il 1.1.26. G Z Lieftr 32 2. G DIEHE B exp 1 g — GIE O REIETH %,
8 1.1.27. G H 2 Lieffr L. g2 GD LielRE T 5%, f: G — H % Lie BtD
HRGGHR e T5 2. ROFEXDLD LD,

flexp X) = exp(df (X)) (X € g).

GERA o exptX 13 G O—RBERDEEZ DT, t— f(exptX) & H O—FEGER
DHCTI B, M7, t = exp(tdf (X)) & H O— IR B 5, 2D DHEAL
TCICBIF 2HERZ PLIEEE S S df.(dexpy (X)) IT—HT2DT, ZhoD—
BEER T RIE—E L. fexptX) = exp(tdf (X)) DK DILD, FiCt=1TF 5L
flexp X) = exp(df (X)) 23K D 3LD,

EIE 1.1.28. Lie Bt G 2 ZD Lie B g I LT, G DI ESR exp L g 2B 5 0
DHBHAHEE GITBIT 2 e DD ZEHEHEDORB O FRIESE 5 X %,

SEER X € g Ty(g) ot LT

d
dexpy(X) = pr exp(tX)| = X.=a(X)
t=0

7B dexpy =g — T(G) DD D, EH1.1.11 X D dexp, IZFREFREE
BRIk 2, WEBEEBEREID, explXgiCBIF 200D 2006 GIXBII2eDdH
L DR OWM IR ER 2 52 %5 2 L bh %,

e 1.1.29. G x Lie#fr 35, X, Y eg, feC®G), ge GITHLT

(XD)lg) = 5 FlgexptX)

(X Y17)(0) = -2 flgesp sX exp ¥ (expsX) ™)

t=0

s=t=0

DI AL,



1.2, EXRra=—XxVE 5

% 1.1.30. Lie B G DA 513G D Lie B g DEEOIT X, Y KRLT[X,Y] =0
DI D 3D,
BEER G onffkradE 1.1.29 2S5 . f € C°(G), g€ GIIN LT
9 0
(X, Y1f)(9) = o= = f(gexp sX exptY (expsX) ")
s Ot S0
d 0

= gaf(g exptY) s =0

218%, LMo T[X,Y]=0H DI,

E& 1.1.31. Lie R g DIEEDIT X, Y THLTX, Y] =0T &, gl
A THB L VS, ZOHERMES £ % 1.1.30 1X0# Lie BED Lie BRIZn[H# 2 3
LEWIIZ AN TE S,

EE 1.1.32. G Liefte L. M 22K 35, GOEN LR e THT, C® il
Fifp: G x M — MMWPEFEL

P(eaff) =7z, p(glg%'x) = p(glap(g%x)) (glaQQ € G7 S M)

iz & G MO LieBHEBErER, ZOLE, GEMIZIEAT2 W
o FHHIC p(g,2) = p(g)r =g EEL D DL, FED 2,y e MITHLTDH
59 GPFELy =gz DO IDE =, GIE MITHBII/EHT 2205,
T 1.1.33. Lic OB AL S 2 51X, Lie fi08ETH %,

EE 1.1.34. FH 1.1.33 OE 2B Lie B30 EE L 1ER, —RFRTEEEDE Lie 36
DEEZ AR Lie BE L 'R,

AR 1.1.35. Lie HOTTOWL O DEX 2T WS Z e THPHEED %
Y. EF1.1.33 X b ZAUIE Lie B30 BRI . — kiR B T 2 & = @R
. BRI Lie B£ 0 BAKR 2B Lie S0 #f 2 5 & =1, EH 1.1.33 721 TI3FA
Lie S BEDOIOCRE LWHEE R L1 b2 5720, ROFHITIE. BRI Lie B D
BRI 72 EA Lie BRI BEMN BT Lie BRERICR 2 Z & ZR2BEUEE 2> TR,

1.2 EBEXEraI=42UE

K DIt % Tz Fio n RIEHFITH 2K % M, (K) TRT. M,(K) NOBEAATS
%1, TRT, X € M,(K) I LT X DIREITHI DK % AL E = #2
27479 % X*TRT X =[] 8 T2 X* =[7;] TH B, FEITH X 1L T
X FHRETH R e TH %,

THDOEDER L D

(XY)" =Y*X* (X,Y € M,(K))

DI D AL,



6 H1E MEfE

EFE 1.2.1. n REZITHIRIK
O(n) = {X € M,(R) | X*X =1,}
FATHIORICE LTRHCR B0 O(n) % n REREE L WA,
SO(n) = {X € O(n) | det X = 1}

& O(n) DEBTREICTL B, SO(n) & n RIFHEREE & S, n REEREE L FRT
YbH 3, SO(n)130(n) DEAEAER DI TH 2 ZBHHRTNDS, ZHERD
%t On) IZ=D>DHEHR T ZFFDZ Db 5,

8 1.2.2. O(n) £ SO(n)Za>,7 b TH 3,
SEA X,Y € M,(R) iR LT

(X,Y) = %tr(X*Y)

WKEoT(X)Y)ZEDD . () IEM,(R) ODNFEICHKR S, X € O(n) XL T

(X, X) = %tr(ln) =3

v70, O(n) & M,(R) OFREEATH 3, FH On) Ba > <27 +Th 3,
SO(n) 13 O(n) DHEEZDT, SO(n) ba> 27 FTH5,

PR 1.2.3. @ 1.2.2 DFFHAF D (|, ) 1E M, (R) DNETH % Z & ZHERE Ko
Bl 1.2.4. M;(R) IZR & [A—HTE,
SO(1) = {1}, 0(1) = {1}
L35, 2 RDOFHRESHRE & EARHZ
QGR}

50(2):{ cos 6 —sin@]
SO(2)

sinff cosf

1 0

0(2) = SO(2) U [o o

Li%5,
I8 1.2.5. il 1.2.4 DNBEZHERE Ko
E&E 1.2.6. n XKL =X VTHIRIK
Uln) = {X € M,(C) | X*X =1,}
ATHIDIRICE L CTRECR %, Un) Z n RAZFVE LR,
SU(n) = {X € U(n) | det X = 1}
1 U(n) OEHBECK 2, SUM) % n REEHI=ZUBLITR,



1.2, EXRra=—XxVE 7

I8 1.2.7. U(n) & SU(n) 38K TH 5 2 & ZEEAE X,
il 1.2.8. U(n) & SU(n) &> 7 v Th 5,

SEBE R 2 DEHE Re 2 TRT, X, Y € M,(C)IZHLT
(X,Y) = %Re t(X*Y)

WKEoTX)Y)ZEDD . (, ) 1Z M, (C) DNIEICHKR S, X € U(n) IR LT

1
(X,X) = SRe tr(1,) = g

¥, Un) & M,(C) DERBAEETDH 2, FicU(n) 1Za v 7 b TH 5,
SUn) & U(n) DEEAERDT, SUM) bav 7 b ThH b,

FIRE 1.2.9. @i 1.2.8 DAFFAF D (| ) 1 M, (C) DNFETH % Z & ZiEZRE X
il 1.2.10. M;(C) X C 2 [A—MH T,

SU() = {1}, U()={:eC||:|=1}

E7%, 2 XRIRL =X )RR
su@ =14 " 27
N Z9 21 z9

R9RE 1.2.11. ] 1.2.10 DB Z HERE K.
EI 1.2.12. EAREE FHHRESREL =X VEL BRI =Z VBRI Lie BRIC2 5,

AR 1.2.13. T —REHOMES IR 2 Z 2 IEffBIchbhr DT, EM
1.1.33 0 o fEiaa B ZeIZTX 3, 2 2 CIEENC Liefinifickhsz e
FERHS %,

AERA 0 REMPMTIIEAZ S, (R) TERT, S.(R) X M,(R) DERZRZ b L2
THD.

< (CZ, ’21’2 + ’22’2 = 1}

785,

dim M, (R) = n?, dimS,(R) = %n(n +1)

i RIRVAON
®: M,(R) = S,(R); X — X*X

WEoTEROEED D, X € M,(R)ITHfLT

(X)) = (X"X)" = X" X = &(X)
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LD, (X)eS,(R) B ZEeDbNE, O(X)IFX DETORKATRZN
570, C*REZ{THEZdbbrb, On)=3d1(1,) THb, REKEEE
HWHS 278, @D 1, 1B 2M7 dd,, KD, X € M,(R)iZxf LT

d d
Ao, (X)= —| @(1,+sX) = 7 (1, +sX)*(1, + sX)
s s=0 s s=0
d
= — 1, X1, X
7 3:0( + sX*)(1, + sX)
_di (1, +sX +sX* +8°X*X) = X + X*.
S s=0

ddy, : Mo(R) = Sp(R): X — X + X*

ERFNC 2, LidioT, BEEGER LD 1, © M, (R) 2B 2 BHE6H U H7F
fE LT,
On)NU =& (1,)NU

X M, (R) ORiAED &8 F 280 A L TER 2RO E 2R H. DX
TLIE
2_1 1)—1n(n—1)
n 2n(n+ =3

TH2, V=0n)NU BL . M,(R) DNAHDSEZ 3 O(n) DEBSAAHIE
LTVIZO(n) DHAITTZ ELBITFEICR 5,

Om)= J gv

g€0(n)

12X O(n) 2481 M, (R) DL &5 % 5 HARANCEI LT Sn(n — 1) KL
NERETDHZZ DD d, 612, THIDOREIE M, (R) x M,(R) 225 M,(R)
AD O HEIRTH D, FTIDMTIEIIES B 5 BRI M, (R) WO ERFTHIE
& 2 EHAD O~ HEBICE DT, 2D O(n) ~NOHFIRS O HHC T
%o L7zBioT, O(n) X LieBFTH 5%,

g€ 0(n) ITHLT

1 =det 1, = det(g*g) = det(g*) det g = (det g)*

7 BDT, detg= 1A DIID,
g.h € SO(n) IR LT

det(gh) = det gdeth =1, det(g”') = (detg) ™' =1

7256, gh,g ' € SO(n) &7 D, SON)ZOMn) ODFITHTH 5, Ry ={reR|
r>0p B, RAIXRDOHESTDH %, det : M,(R) — RIEn KIEFITHN DL



1.2, EXRra=—XxVE 9

5D n REERUC I D EHETH 2, 25 XD On)Nndet  (R,) 11X O(n) D
FEEICR D, FHTRI CRITT O 2R 5, T,

O(n) Ndet (R, ) = SO(n)

725 SO(n) & M, (R) DETZ2RIAICTL 5, O(n) EFBR. SO(n) b Lie fHIZ72 5,
n X Hermite 175128 % H,(C) TX T, H,(C)Z M,(C) DFEERITXT L ZERH
THD,
dimg M, (C) = 2n?, dimg H,(C) =n(n —1)+n =n?
DI D AL,
¢:M,(C)— H,(C); X —» XX

WEoTEB/ROEEDD, X € M,(C)ITXfLT
(P(X))" = (X"X)" = X"X = ¢(X)

b, (X)) e Hy(C) 2B ZeDbhbd, (X)X X D7D _RATRX
N2, CWEHZTHEZdbbhd, Uh)=1(1,) THd, ZBEEEH
ZHEHT 5720, @D 1, 1B WD dP,, ZKD 2, X € M,(C) ITH LT

d d
o, (X)=—| P(1 X)=— 1 X)*(1 X
d ]-n( ) dS 0 (n+s ) dSSZO(n+8 )(n+8 )
d
= — Ip+ sX*)(1, +sX
dSS:o( + sX*) (1, + sX)
d
== (1, +sX +sX* +s°X*X) = X + X*.
Ss:O

d®,, : M, (C) - H,(C); X —» X + X~

ERHNCR S, Leho T, BEFCEHE XD 1, D M, (C) 2B 25865 U 2377
fEL T,
Un)nU =& (1,)NU

(& M, (C) LD 55E £ 20 A UL THD ZHRIKOMEEZ RS, ZOX
JE
2n? — n? = n?

TH 2, V=Un)NU LB L. M,(C) DD SEE 3 Uln) DM AN
LTV & U(n) DHAITE R S TR AT 5,

Un)= |J gv

g€eU(n)
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W& D, Un) 2KiE M, (C) DR &5E % 2 85 AR LT n? ot D Zhk
KTH2Zehbhrd, o2, THIDFEIE M, (C) x M, (C) 225 M, (C) ~ND C>®
WEMRTH D, 115 DT % S X8 5 BRI M, (C) WO ERITTH &K 5 %
NHEAD C* WEBRIHEZ DT, ZD U(n) NDHIRD O HKEHI2 5, Lz
oT, Uln) ik LieBETH 5,

g,h € SU(n) X LT

det(gh) = det gdeth =1, det(¢g') = (detg) ' =1

7Zm 6. gh,g7t € SUMn) &b, SUMN)IZUM) OFZEETH 5, Frz, 175D
B LT SU(n) 38T %,
geUn)ITRLT
1 =det 1, =det(g*g) = det(g") det g = det(g) det(g)
= det(g) det(g) = | det(g)|?

ERBDT, |det(g)] = 1DD D, LTzh3o T, detiZ U(n) 225 U(1) ND C>
WEBIC D, SUn) DEFEED. SUM) =det (1) TH 3, F2RRIBUEHE%
T27D, Un) D1, IBF 2T MM T, U(n) & det : U(n) = U(1) D 1,
KB BMOEM ddety, : Ty, U(n) — TLU(1) ZRD 2, Un) = d(1,) BDT,

T, U(n) = kerd®; = {X € M,(C) | X + X* =0}

b, $bB. T, U(n) & n KA Hermite [THIORIKTH %, FilZn=1D
HaE. TVU(1) = RyY/—1 725, det DM EBITE T det : M,(C) = C & AR
LTERDILICT S, X € M,(C) TR LT

ddety, (X) = 4 det(1l, + sX) = 4 (1+strX + (s DX L DIH))
ds|,_q ds|._,
=trX.
MBS ddet,, : M, (C) — C% Ty, U(n) 5 TyU (1) NDERFEBRICHIR T 2 &,
ddety, : Th,U(n) - TYU(1) ; X — trX
e %, BBEBGEE LD 1, ® Un) B 20085 U BFEL T,
SUM)NU =det (1) NU

& U (n) ONitED & E ¥ 255 NHICE L TEAD 2R DOME 2. ZoX0tiE
n?—1Ths, V=SUn)NUBL L, Un) DL 5EE S SU(n) OF
MAICBI LT VI SU(n) DENLCE SRR ISR %,

SU(n) = U %

geSU(n)



1.2. EX#Era=—XVE 11

W& D, SU(n) &RIE U(n) O6iMED &5E ¥ 2887 MBI LT n? — 1 Kotk n
ZRHRETHZ e bbb, 51T, I Un) x Un) 55 Uln) ND C= BB
THH, WILEMLIEIEBRIIUMN) 205 Un) ~ND O JEBRIZILZDT, %
D SU(n) ~NDHIR S C°HKEAGIZIR D, Lo T, SUMn) X Lie#fTH %,

ROBITERED ZRRIAICIR D Z & R Uy ERBERCRIRE S HEDERH O Lie 24
BRI B Z BT,
B 1.2.14. RHVIISEHEONE (L, ) ¥ Vs | | ZED D, nRITEALERE S %
S"={x c R"!||z| = 1}

WEoTED S,
P :R"™ = R; 2 |z = (z,2)
KXo TEBROZED S, O(2x) 13z DRITD KA TREINS =0, CHREIRT

HBHZrbbhd, S"=011)Ths, ZREBEHEZFHT 2720, dDr e S"
B AWM dd, ZRKD B, X e RTHIIHLT

d@x(X):di; (ID(:E—i—sX):a% (x+sX,x 4+ sX)
s=0 5=0
= 21 () + 25(r, X) + %X, X)) = 2, X).
s=0

dd, :R"™ = R; X — 2(z, X)
FRENCIR S, Liedio T, RBEBEM XD 2B 2865 U, BFEEL T,
S"NU, =0 (1)NU,

R DOAHD S F 2 EMHICE L CGROZREOEE2RB. 20Xt
(n+1)—1=nThb, V,=5"NU, B L, S" DBIHE {V, | z € S} S"
D n RILZ ARG % ED 5,
R DILEMER T ML TR LU, BRATHEHNR T SUHPIT DD SEE S
A%

(x) On+1)x8S"—S"; (¢g,x) — gz
WZED On+1)1&S" D Lie BRI 5 Z e #LIN TS, ZOE/IE. 175k
HERZ BT LT Z OfEZ G X ¥ 5 5%

M1 (R) x R™ = R™ (g, 2) — g

DHIRTH %, ZDELLRDBUIITHNEMER DT PV DRD D RATRENE 720,
CoWTHBZehbrd, geOn+1),zeS"ITHLT

(gz,gz) = (g2)"gr = 27 g gx = 2" 10 = (z,2) =1
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ERD. gr e S"HHDID, B (%) g & DRITDRAUITHKLDT, C®
WEBITI D, THIT, On+1D)IES" D Lie B THEZ bbb b,

On+ 1) E S ITHBINHERH T2 2 2RT, B1IHTDA 1 THOKITIZT
NTOTHEMNT bLEe € S"CRWILTERT, FED 2z € S"ITMLT, 2%
R DIEFERREE s = 21,79, ..., Ty WHEET %0 g, = (11 211) € O(n+1)
EBLE, ger =2 BRDILD, IHIMEEDy € S I LTyge, =y k5
gy €EOn+1) 2t b, y=ger = g,(g.) DR ILD, g,(g9.)"' € O(n+1)
o, On+1) & S"ITHBINCER S 2, LOFEIZHEWT, detg, =175
X9, € SOn+1)THb, detg, = —-14851E5, = (11 —Tnp1) £TDE.
T HEE X D

det g, = det(xy -z, —xpy) = —det(zy -2, Tpyq) =1

ERBDT, g, € SO(n+ 1) BWDILD, HIT, ooy = a1 = BEDILD, Z
NoED, FEEDz € STIIHLT, 5 g, € SOn+ 1) BFEELT goey = D3
DD, LehioT, SO(n+1) b ST ICHERBRNZIER T %,

EI 1.2.15. G % Lie#f. H% G OB Lie {0t 3%, H OFRFEOLIKG/H
WCERARGESTFEL T, GI1d G/H @ Lie ZHENCR D, Z DIERIZHERIYIC
725

ZDOEMDGEAIZ Z 2 TIEEG 272V, 72 21X, Helgason [3] @ Ch.IT Theorem
4.2 1IFREA D FD TV B,

EIE 1.2.16. G 22K M @ Lie Bty 35, v € MIIHLT
G(z) ={gv | g € G}

& M DER 2RI B,
Gy ={9€G|gr =z}

B, G, 3G DM Lie MinBfICR 5, BIRG — G(z) 5 g — gz ld G/G, H
5 G(z) NOWP R E/RZFHET 5, KT G D M NOIEHDPHERI LG E 13,
EEDr e MITHLTG(x)=M %D, G/G, & M IZWMBFERTH %,

Z DEMDIEHIZIZ W K DO DHEHNEITIR 2 DT, GGy 25 G(x) NDE
HPDEE 2 Z & DARLTHMOEROAAIFER ST 5, 72 21X, Helgason 3]
@ Ch.II Proposition 4.3 IZIFFFFH E LTV 3,

BBRG— G); g ge DAET 2 G/G, 25 G(z) NDERIZ gG, — gz T
D%, 1G, = @G, DEE, g5 'q1Gy = G, 72D gy g1 € G DD, ko
Toglagr=2272D gov = gr %2183, ThL&D. G/G, 25 G(z) NDEMRIZ
well-defined TH %, ZOFHEPEHTHD ZLBEDHT DSOS, RIZRIZID
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BARBHEHFCR D e BRT, gur=gur 32 gy'quie =2 272D, g5l € G,
DD, £oTgy'q1Ge =G 2D g1Gy = oG, TH B, LIzA->T, G/G,
Do G(r) NDBERIZHEFTH 2, UELD, G/G, 25 G(z) NDER ¢G, — gx
FRHHNTHE Zehbhr b,

Bl 1.2.17. 511.2.14 12BWVWTC, e €SP EL DL

@)an+n%H={g€0@+*>W@*“:%“}:{[gEﬂ

h e O(n)}

DD LD, RERBIE. h e On) ITMLT

pol o [no]fo] _[o] _.

o 11 o 1l 1] = |1 T
ERD, WZgeOn+1)D geni1 = e 27T E g=[g1. .. gn€ny1] DD IL
D, TITGEgDEIFNNERT, g1,..., oy enr E R OIFERIEICK S
DTy g1, G DFE N+ 1HFNE0IZHR S, Lzd> T,

g:[gi] (h € O(m)

L7 %, BT (x) DR D T2 Z e b B, (x) & DL O(n+1),,,, = O(n)x{1} =
On) b &L ZLICT 2, THE. FTHRAEZE XD, S"IZ O +1)/0(n) &M
SRIENC 2 B,

FofEREMHS &

SO +1)e,,, = {9 € SO(n+1) | gent1 = €ny1}
={g€O0n+1)|gen1 =ens1}NSO(n+1)
ho 0]

:{ ) hEO(n)}ﬂSO(n—i—l)

0
h 0
0 1 hESO(n)}

B DALD, SO(n+1).,,, = SO(n) x {1} = SO(n) L/ ZricT s, S
SO(n +1)/SO(n) & bR 3,

1.3 Riemann ZR{K

EE 1.3.1. ZRIK M OB o DT MVZEB T, M IZNFE (, ) DIEE > TV,
M EDC®HERTZ WAL X, Y IR LT(X,Y) D M £ C fBEuck % & %,
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(,)% M E® Riemann 52 & W\, Riemann it &% FFOZHA% Riemann %
Brik & PESR, Riemann Z460K (M, (| ) OO RIRES ¢ B3

(dp2(X),do,(Y)) =(X,Y) (ze M XY eT,M)
Ziilz T &, ¢ % M OBREBRLITR,

Bl 1.3.2. R" & n RILZRIETH D, FROERT PAZERIZBARICR BH &
[Al—HTZ%, ZHAIZXD, R DN (, ) IFR" D Riemann s &%2E D, R" X
Riemann ZHRIKICT 5,

5 1.3.3. Riemann ZFEK (M, (| ) DEBTZRIE N 1Z, &ir € N DHEXRT b
NWZE TN % T, M OFRITR7 MV AT & M @ Riemann t& (, ) &
T.NIZHIBET 25 Z 212k D N b Riemann ZFEEKIC 5, 2D N % Riemann S
DERIEL VS, BRI R OEZHKIZ Riemann SRR 5, RZPR3 N
DRFFFPHITE . R” D Riemann S5 ZEEDHITH %,

Bl 1.3.4. R*! Oi@FEDONIE (, ) % R™™ @ Riemann 31 & & A% 3, fl1.2.141Z

BWT, S"DBR™ D n RICERDERRIETH 2 Z R L7z, Hil1.2.14 TED =
R S RICKH-TS" =01 (1) 2A&D, 2€S"ITNLT

T,S" = kerd®, = {X € R"* | (x, X) = 0}

DI DILD, R ONE () 2 T,8" IZHlfR 3 2 Z i X D, S"IZ Riemann &t
ENEF S, IO S % R @ Riemann #8770 ZH(1K ¥ A7% L 7= Riemann &1 &
THb, 5. S" D Riemann 5 EIFHEICZDFHEELE R 5,

O(n+1) DILD R ADEHIZ R OWNE (|, ) ZRDOD T, S" D Riemann
AFEDBMRD, LdioT, O(n+1) DR ADIEHE S" ANDIEHIZYE 5%
REWTH 5,

E#&E 1.3.5. M % Riemann ZKE L, ¢ : [a,b] — M % O fkihfte 3%,
() A 0DPEREDa <t <DIZDWTHD DI L ZRET %,

1o - | g

WEoTcDRTE L(c) ZED b, 7272 L. HHETBEIDHEXHMEDEL 1 Riemann
ARPOEED I NVATH D,

qw:lt

WEoTt OB s(t) ZED D &, s(t) DI X2

ds
=)

de

—(t)| dt
dt

de
—(t)| dt
o)

dc
=)

>0
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b, WEBEBERE LD s(t) OWBBDEET 5, Tk t(s) TRT . c(i(s))
WEoTsZBcDRIRX=—REAREDL, s c DIMRINTA—R R, [X[H
[a,b] TIMENRT X —RIZX o TERSI NIz C° JEKR v : [a,0] — M 23, JRPTH
W RS RERICR o T0b X, vy ZAMIRE RN, M OEEOR z &
XeT,MIZMNLTHde>0¢k

dy
dt
i/ THHAR v 2 [0,¢] = M AP —EBMCHEETZ 6N TVWS, XI5
YDOEREP 1 2B 2, Exp,(X)=79(1)IZ&X>TExp, ZEDH S ¥, Exp, I&
T.M DR 0 %2 ZLHES O, TERI N C° B4 Exp, : O, — M DEZE
%, Exp, Z7 M ® 2 2B 2BHEHR TR, FEOWBMER v(¢) 13 Exp,(tX) &
£E5,

E#& 1.3.6. Riemann ZFRDH 3 ZARIKDERE D HIHIERDS, 44D Riemann 2%
KRORHKRIT b 72 5 H 7 ZREK % 2 AIBIER 2 2RI L WV 5,

EHE13.7. £EEXEEBR X - X ITHLT, flo) =z 2MAET XDz %
fOBEEREMFNR, fOXKXBI2BEERES F(f,X) %

7(0) = , (0) =X

F(f,X)={ze X | f(z) =z}
WKE->TED D,

fpRd 1.3.8 ([6] Ch.VII Ex 8.1). M %##f Riemann ZHAE L, f: M — M %
M OEEZEW L T5, ZOrE, F(f, M) DEEFERIE M OEHIHHE D2 4%
Kiziz %,

FERADMEEE F(f,M)DmrZr b, T,M BT 300D 3 O, BFE
LT, Exp,(0,) & M 2B 2z DFaFICZ D, FEDy € Exp,(0,) LT
Exp,(0,) MIC z & y ZHENEHERA 7272 —DFET 2 Z e IS T W3, df,
X T, M ORFEELIC D, fld M OFEEEIZ DT,

t— f(Exp,(tX)), ¢~ Exp,(tdfs(X))

BEEHBt=0Ta ZlDHEERT PUH df,(X) 1R ZHAMIRTDH 2, HHIER
D—EMELD f(Exp,(tX)) = Exp,(tdf.(X)) £ D, R

f(Exp,(X)) = Exp,(df.(X)) (X €0O,)

DD LD, 51T, Exp,({X € O, | dfo(X) = X}) C F(f, M) 23D P>,
y € Exp,(O,) N F(f,M) I LTy = Exp,(Y) £722Y € O, BEET %,
Exp,(tY)(0 <t < 1)idz &y BRBRAHIRTD 2, Exp, (tdf.(Y))(0 <t <1)1Z
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z & Exp,(df.(Y)) = f(Exp,(Y)) = f(y) = y ZARESHHARIT R 5, HIHFRO—F
XD BExp, (tdf.(Y)) = Exp,(tY) 230 <t < 1IZBWTH DB, df(Y)=Y %
$%. AE&XD

Exp,(O;) N F(f, M) = Exp,({X € O, | dfs(X) = X})

195, FHT. Exp,(O.) NF(f, M) M OED 2RI S, X512, LR
W E(f, M) DIEBED R 2 \ZDWTH D IZDODT, F(f, M) DFEERER D X 2RI
HIER D ZHRIRIC 72 5

XM [a,b) DT a =20 <31 < <ap 1 <ap=b&Ffc:[a,b - MDD
DL BilZOWNT el o (w1, ) = MO IR TH 5 & Z. c ZXFRIIC
BODEEER & PEXR, XN & 2 Hhiiicx LT d

k

L(e) =Y L(cliw )

i=1

WEoTecDRE L(c) BEZE %,

EIE 1.3.9. M Z3EfS Riemann Z2RA L 5%, 2,y € M IR LT
d(z,y) = inf{L(c) | c & z,y ZARESX RN & D72 iR }

WEoTd: MxM—-REEDZ L, (M,d) \ZHEHEEMICR S, X512, Hifd
DIED B M OHHIE M DZRARE 2 ED it —8F %,

F&H 1.3.10. HfE Riemann 28K M OFEEDH s & X € T,M 1% LT,

0=

Zii7e SRR v R — M MFET 2 & &, M 2N RE VS,

Y ZEfE Riemann Z8RK M DK R o € M 2B 2158514 Exp, DE R
T, M 2RIz %,
DU Riemann ZHRADFEARHIEOENTDH 5,

FIE 1.3.11. #fE Riemann ZARK M 120 U TRIXFEMEIC 2 5,
(1) M ZHHM5ERTHD %,

0) =X

(2) MIZEH1.3.9 OEEHEICEE U CHEREZM & L CRTH %,
(3) M OBERHALEZa Y 7 +TH B,

EFE 1.3.12. T 1.3.11 D&M %1 7- 38 S Riemann ZA{K % 57efi Riemann %
Bk v,



1.4. Riemann & 22/ 17

FIE 1.3.13 (Hopf-Rinow). 5Eff Riemann ZHEIRDIERE O — sl H G HIHIAR CHE
Nd,

EIE 1.3.14. 520 Riemann 284K M WD — K« & BB D 2K N 1T LT
d(z, N) = inf{d(z,y) | y € N}

WEoTz e NOFERdz, N)ZEDD, ZDOLE, v(0)==x & (1) € N Zii/z
L. BEDL(Y) = d(z,N) TH2HMER~ : [0,1] = M BEFET S, 517D
V(1) BT ZHEERY LA/ (1) E TN ITERTS %,

1.4 RiemannZEZCRH

ZRED B B MG R RO O 2RI, —RIWTEBRXITOZ AN E 2 Ko
IR 52023, Riemann 5 & 2 ROZEHLDO 2KIXERRITD Lie BE DS & F
DZEeDRHLENTWVWS,

EIE 1.4.1. Riemann ZHE M OFERZMBO RO THEZ [(M) TERT L. [(M)
& M @ Lie ZHHHITT2 5,

E&E 1.4.2. Riemann ZHRIK M OFRZWEORIK [(M) 25 M IZHERBHNZAEH S %
&, M % Riemann FEZER 2\ 9,

G% Lieffr L. ZOHNITE e TRT, EF1.1.5 TEDLERE L, L HGEE)
R, (g € G)IZOWT

Ly(z) = (gh)x = g(hx) = Lyo Ly(x) 37205 Ly, = Ly o Ly,
Rgn(z) = x(gh) ™ = a(h™'g™") = (zh™")g™" = Ry o Ry(z)
I7bHb5 Ry, =RyoR),

DEDILH, THHIEGED GADIEHIZE S, 612, EH50DFAIBELTY G
F G ICHERBENCIER T 5. IXNTOEBEINERELUCTZ % K 572 G D Riemann
AREZEARZE Riemann 5T2 L WV, IR TOEBENEREHUCKRE XS5 1K G
@ Riemann if &% AARZE Riemann 5t V5, (¢ _LOLEAZE Riemann & E A
A% Riemann s &I ZNZN G D Lie FR g DN L — 0 —ITMIET 5 Z & 23RD
EX21bhb, £3. G LOEAZE Riemann i1 & £ HF1Z Riemann gl &I FNE
NE (G BEOMPEBRI L > TT.G ONEE — X —IZIET 5 Z e dbd b,
T.G ONEE g DRFEE O—xf—Rid, EH 1111 D ag : g — T.G Z#E L THH
LB, gl IENENFET 5 DT, GIIEFZE Riemann 71 & b A FZ Riemann
FELEOZ DS, WIHUILTH., Lie #flE Riemann FH LM/ 5,
X 51T,
L, o Ry(z) = gvh™ ((g,h) e G x G, z € G)
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WEoT, Gx G GIHBINEHT 5, ZOFEHPITRTEREL UKL S X
5 7% G @ Riemann 3 & % WAIARZE Riemann 52 2 V5, AAZ Riemann 51 &
RHAZ Riemann gt & & 22 D, WAZE Riemann FHEIXWVWOTHEET 5 &1
RS0, 22T, WAIAZ Riemann H E&BIFIET 2D DEAGZEZTAL D,
ZDDIEHETOREfZ L TEBL, —RICEHGDITgITNLT

I(z) = gzg™" (9,2 € G)

WEoTGOHCAMER I, ZED S, T gICL2HBIEATHD. NERE
CREEHE VS, ILIGH LieHOr &, [, OM7dl, - g — gld. £1.1.20
£, Lie ROBCRMERIZKR S, KT, dI, € GL(g) TH 5,

Adg(g) = dly (9 €G)
12 & 5T Ade(g) € GL(g) 2ED 3o (FHED g, h,o € GITH LT,
Ln(z) = ghx(gh)™ = ghah™'g™' = 1, 0 I,(x)
DD LDDT, Iy =101, TH%, MmE1.1.18 kD
Ada(gh) = dLy, = d(I, 0 I) = dI, o dI, = Adg(g)Adg (h)

¥#%, £oT, B Adg : G — GL(g) 3BEOMERREMHRTHZ, XHITID
FE O MEHTH 2 Z e H5NTWS, L7d->T, Adg: G — GL(g) 1%
Lie HEOHERBEIRTH 5, Lie D b —RIEREND Lie BEOHERBEHRIT, 2
D Lie BEORB L FHIN 2, Adg: G — GL(g) 13 G OREFRBE L FRIN TV 3,

FISE 1.4.3. GL(n,R) — GL(R") ORFERELE BIRIICIIRE X,

FEFEFRIL 2 f# - T Lie BAICHIMIAZ Riemann 5T EDTFET 5 720 D&% 5 ib
35,

Lie #f G Il ZE Riemann g1 & (, ) DIFET 2 EIRET %, (, ) BESE
Riemann Gf 2 TH B b, GD LieFR g DNEEZED 5, FEFERHEDED T
ED. gD ZONHEIIFEFRIDIEHTAZIILR %, GL(g) DEREEO(g; (, ) &

O(g; () = {9 € GL(g) | {9(X),9(Y)) = (X, Y) (X, Y € 9)}

RE>TEDS L, Adg(G) C O(g; (, V) DED T2, gD (, ) IR 2 IEMER
RIEEF->TO(g; (, ) ZI7HIRBET 22, O(g;(, )X O(dimg) & Lieffrx L
THEBENCRZ Z e bbb, mE 122 KDEREIIa Y7V ThHhb, Lizdo
T, O(g;(, ) davZ b TH3, Ade(G) C O(g; (, ) X b, End(g) DRI

BT % Ade(G) OB AdG(G) b3 >R MIk 3,

W AdG(G) 3ay 7 P THEERET S, ZDLE, glild Ade(G) DIEH
TARERANEMFET 2 Z DAL TWS, Ziuka 7 MBI %
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Haar JIEDIEED SELNEH, 2 2 TIRZDFHMIEKET 2, 2oRbhichH
REFOGENERICOWTARERNENFET 2 Z e il TB <L, H 2HR
Hel. p: H— GL(V) ZHOERBERE 55, (, )2V OEEONELE T 5,

(X,Y) =) (p(W)X p(h)Y) (XY eV)

heH

WWEoT(, ) Z2EDDE, (,)dbVOANREIIKRS, W e HIZHLT

(p(B)X, p(W)Y) = (p(h)p(H') X, p(h)p(R')Y)

=Y (p(hl)X, p(hh)Y) = (p(h)X, p(h)Y)
— (X,Y).

IRED. (L) EHOEHICELTRRICR S, AREOBAEOM )Y &as

heH

2 b Lie BEOBIEC I3F5 / 12 LT G OERICE L CRE R R R ED 5. =0

G
O RIEZ RIS 2 DA Haar FIEDTFETH 2, (, ) % g LD Ada(G) DIE
FICRERMIEL T3, B 25A. Ade(G) DIEFITH AL 3, = ONRIZG
DIEAZE Riemann st EEZED b, Z DIEAZE Riemann Ft &N FHEATZE Riemann Ft
BHICHRDBILEZURTRT, ghe G XY eT,GZL %,

((dRp)g X, (dRR)gY ) gn—
( gh 1) n1 0 (dRR)g X, d(L " )gn1 © (dRn),Y)
0 Ry)gX, d(Lg_}rl o Ry)gY)
(L o Ly-1)"" 0 Ry)y X, d((Lg o Ly-1)~" 0 Ry),Y)
LyoL, Yo Ry, X,d(LhoL o Rp),Y)
LyoRyoL," )X, d(LyoRyoL,"),Y)
Lh o Rh)e o d(Ly")g X, d(Ly o Ry)e 0 d(Ly"),Y)
o d(Ly")g X, (dln)e 0 d(Ly"),Y)
h)oag od(L,")eX, ac o Adg(h) o ag' o d(L,"),Y)
AdG(h) oag od(L, )X, Adg(h) o ag' od(L,"),Y)
= (ag' od(L, )X, ag o d(L,"),Y) = (d(L, ")y X, d(L,"),Y)

=N
/\/\/\/‘\/\/‘\

b, ZDOEAFZ Riemann st EIFAAFZ Riemann 5T &ICD R 5, L7z - T,
WA Z Riemann 5T ETH %, LA ET Lie # G 2 W AIRZ Riemann & Z FfFD
72D DRETIFEME. Adg(G) D3> %0 Mk B Z e bbb o7z, FFHIZ Lie Bt
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GHayRr v aelE, Adg(G)iZa v 7 v aD T, GIERHIAZ Riemann 7f
BeHO, TNHZREMME L TREDHTEL,

EIE 1.4.4. Lie #f G 2MAIAZ Riemann s EZHDO 72D ORE+75ME. Ads(G)
MaAVRT MK BIETHD, FrZLie#EGHarv 7 v aR51IE, GIEmHIAR

728 Riemann s &2,

AR 1.4.5. B 144 DFME 612, Adg(G)D3a v 7 M2 Z e BE
TATH5, THUIa > 7 b Lie HHEOMEBED H 2MEEDP SO 203, Z Z TIEHE
ADLRWZ 2T 5,

EM1.2.12 T Lie fHIC2 2 Z 8 R LICBEREE, FREREE., =2 VB Rk
=& ) BEOWHIAZE Riemann #t &% XDOFITEARNIZEIRT 2, 246D Lie
BliZay o v eoT, EH1.4.4 XD EEAZE Riemann gt &2 KO Z 21393 T
WCHDoTWBED, BRNRFRBRICDODZEDH S,

Bl 1.4.6. ERHE, FRERE, =X VA, k=2 VETVIThdar
NCH2, EH1.44 XD, EREE. FRERHE., 2=2VE., FR1=% VX
MAIAZ Riemann T EZ 2. Z D Riemann 5T EIXFEFERIROIEH THRZE L Lie
BRONMBICE > T—ENICEE %, LIFT, BEXE., FHFRERH., =2 VE. ¥
=2 ) EZNZNDEEIC, Lie IR, MERBEOIERH. MERBHEOIERH TIAZE
R NAEE BARINCEER T 5, EH1.1.14 & h, —fRERIEEED R Lie #B£ D Lie B
. BITICBU 2 AR PV AR T I YN TE S,
EXXH#H O(n) D Lie}R% o(n) TERT. On) I FEH 1212 DFFATRLZ & X
D, C>EH
®: M,(R) = S,(R); X — X*X

&3 1, DHHR (L) IT—HLTWD, EH1.2.12 DAEIHTRLEZER
APy, (X) =X +X* (X € M,(R))
CHELTEL, TS XD, On) D1, ITBI 287 F V2RI
o(n) = kerd®;, = {X € M,(R) | X + X* =0}

D n KERITHNIRIRITIE 5, RIZTO(n) DREFERIAIC X % o(n) ~NDIEH ZFL
BT 2, g,r € On) & X € T,0n)IZHLTODEHTERZTNT O(n) DHIFRE
c(t) Tc(0)=2& d0)=X ZllilTdbDZL DL,

d d

WLJAX?:;ﬁdeﬂ)hO:zﬁmﬁ)hozggyﬁ)hOZQX
DR D LD, [FREIC
= i - i -1 _ i 1 _ 1
(AR)X) = GRl)| = et = Gelt] o7 =g
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755\}5‘2 b _\ioo Lf:i)fof\
Ado(n) (9)(X) = d(Lg 0 Ry)e(X) = d(Lg)g*1 0d(Ry)e(X) = ng_l

Y25, i 1.2.2 DREFHFICED 72 M, (R) ONFE (|, ) % o(n) IKHIBL7zd D%
EZ2b%, gcO(n) & X,Y con) iTRLT

_ _ 1 s _
(Adom)(9)X, Adow(9)Y) = (9Xg ' gV ") = 5tr((9Xg Y gYg™)

1 * _— — 1 *
= 5tr(gX"g 7 gYg) = Str(X7Y)

= (X, Y)

MDD, ZHED. Adow(O(n)) € O(o(n); (, ) 23b %, Ofo(n); (, ))&
Y7 MROT, EM144 KD () D2BEE S O(n) LEDOLEAZ Riemann Ff
2= XM HAZE Riemann 5f&TH 5,

FTEDTz O(n) DMAIAZ Riemann 51 &%Z SO(n) IZHIR T 2 & SO(n) Dl
A2 Riemann 5f &= IC72 5,

FRRE R EE SO(n) @ Lie BR% so(n) TXI. O(n) DILDITHIE £1 TH %,
O(n) D 1,, DEAEEFHT BT 2THIROMEE 1124 D, 1, DEREIEEIE SO(n)
IEEND, Ko T, so(n)=o(n) 2D ILD,

2= VEEU(n) D LieBiZ u(n) TR, Un)IZEH1.2.12 DFREIATRL 2 Z
&b, O EH

®: M,(C)— H,(C); X —» X*X
W& 3 1, DWHR O (1L,) IR LTW5, EH1.2.12 DAEHTRLUZER
Ao, (X)=X+X* (X € M,(C))
WHEELTEL, 206 &, Un) D1, BT 227 MLVZEMZ
u(n) = kerd®,, = {X € M,(C) | X + X* =0}

70, n KA Hermite T4 2IRIZ72 5, RIZU(n) DREFERIAIC X 2 u(n) ~D
TEHZRRBRT %, g2 € Un) & X € T,U(n) IZH LT O(n) DHE L AMKDFFE
IZXoT

(dLg)a(X) = gX, (dRy)a(X) = Xg™",  Adyw)(9)(X) = gXg~'

DD LD Z D5, fiidE 1.2.8 DFAEHHNIED 7= M, (C) DNE (, ) & u(n)
WKHIR L7z DZEZ %, geUn) & X,Y €u(n) i LT

_ _ 1 —1ve _
(Ady(ny (9)X, Adumy(9)Y) = (9Xg ™', gYg ") = gRetr((gXg YgYgh)
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= %Retr(gX*g_ngg_l) = %Retr(X*Y)

= (X,Y)
DD LD, XD, Adyn)(U(n)) € Ou(n); (, ) 23052, O(u(n);(, ))&
AV MEDOT, EH144 KD () 2OEZE S Un) LOLEAZ Riemann
= XMW HAZ Riemann 51 & TH %,

Rk =& VEE SU(n) D Lie % su(n) TERT, SU(n) & EH 1.2.12 DFFAT
mL7zZ e &b, O 5 H

det : U(n) = U(1) ; g+ det(g)
&% 1 DR det (1) I~ LT3, EH1.2.12 DFEATR L 725K
ddet;, (X) =trX (X €u(n))
WHEELTEL, ZOs &b, SUM) D1, BT 327 FLVZEBIZ
su(n) = kerddet;, = {X € M,(C) | X + X* =0, trX = 0}

2D, FL—=Z50 D n XA Hermite {751 2KIZ 7 %, SU(n) OREfERIIC X
% su(n) NOIERIZ U (n) OFEFERIIC X 2 u(n) NOIEHOHIRIC—E T 5, Zh
X0, ETED U(n) OMHIAZ Riemann fH &% SU(n) IZHIRT 2 &, SU(n)
O HIAZ Riemann GHE&IZ72 5,

EE 1.4.7. G/H % Riemann st BZFROFHEEM L T 5, G D G/H ~NDHARR
YERDNEREMNICR > TWVWA 2 &, Z0® Riemann it &% G ARE L W,

ford 1.4.8. G & LieBt L. H% GO Lie 0 #r 3%, G HD Lie % %
Nzhge h TRI, 2ot =, FHZEMG/H O GAZ Riemann st EO 2R L |
PR FVZEM g/h D Adq(H) REZRANBEO 2K, —0f—I1 it s %,

% 1.49. G LieBFtr L. HE GDa>y,7 k LieHHEEr 32, G ¥ HOD Lie
Rethzhge hTRIT, ZOL X, g DEMNSHE

g=b+m
DIFEAE L
Adg(H)h Ch, Adg(H)m C m,

iz, FHEZEM G/H O GAZ Riemann st 2D EKE . m @ Adg(H) TER
WD 2MRIE, —XF—I1ZXIET %, X512, m D Adg(H) AERNBIZFEEL. L
oo T, G/H @ GAZ Riemann 5T & DIFEET b,
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1.5 SREFZEM

E&E 1.5.1. R* N 1 XoeibnZZf ek % RPY TR L. n RouFEH#2EME &
3N

8 1.5.2. RP"Z n RILEZREIRICZ B,

BEEA e R —{0HITH LT o DERT 2 R ND 1 KITHB0 22 % p(x) €
RP" THRT Y., Effgp: R — {0} > RP"DEF 5, pld2FHck 2 Zehbh
%, ZOEHpIcEH RPYIZR™ — {0} 25 OBMHEED 2, Thbb,

{O CcRP" | p 1 (O) IZR™! — {0} DBHES }
% RP" ODBHEARL LTED S, T2, ZONHIX Hausdorff D&% 725
e bhb, 1<i<n+1IHLT
U, = {(ZL’l, ey Ly ,Jin+1> € Rn+1 | T; 7é O}, V: = p(UZ)
CEDDZE, AV |1 <i<n+ 1} ERP" DBEEICK 5,

qbi:%—)R”;p(x)H(ﬂ... i m”“)

b ) (AR )

WEoTEBR ¢ ZEDD L, ¢ 1T well-defined 12725, 7272L, Tk %2R Z &
EEKT 2, XHI2{(Vi,0:)}i lERP" D n RICZHEAMEEZED 5,
BUSERR B p D S ~NOHFIRRIZ 2% 1 OBEHTH H, S™ OFIEEKH
Sy ={y€S"[(y,x) >0} (xe€s")
WHIRST 2L p: ST — p(SMIFRHHITHE, ZIUTE D, S* D n RITZ AN
5 RP O n RITEZRRARENEE D, p: 5" — RPIZZEWEEBRITR 5,
FIE 1.5.3. n KTFEFZEM RPY I ZEHEE R p . S — RP" 55 Riemann
STENEE D, RP" X Riemann FE 22/ 5,
SEBR —E#EES p : " — RP" OHEELU
a:S"—=S"; r— —x
ThHH, ZHUXS" DEREITH S, poa=p7Ehr b, K2 SITDNT
dpx : TmSn — Tp(z)RPn
DERIIRIEEBRICIE D K5 Ty RPTICNEEZED S Z N TE S, Uk
. RP" ¥ Riemann ZARIKICH 5,
O(n+1) D S" ~OIEFIE R ~DBIGEFI ORI S 5. a DIEF & AT
5, LThioT. On+1)DS"~NOEMIE. p: S" > RP"Z@BLTOMm+1)D
RP" NOIEMZED., ZDIEREERMNICZ S, 2612, fl1.2.14 XD O(n+1)

X STICHERSENCER T 2 DTy O(n + 1) IZ RPICHHEBINCERA L. RP I
Riemann HEZERTH 2 Z bbb,
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1.6 ERHFTZEM

T 1.6.1. C"H NOEE 1 KTl ZER e % CP* TR L., n RITHEBEH 2L
FEH X vs:o

8 1.6.2. CP" I n XITEZZREIRICI 5,

SEER z € C"H — {0} i LT o DAERKT 2 C ND 1 RITE R 7 22h %
p(z) € CPPTRT L, Bfftp:C' — {0} = CP" 2 EZ 3, pld2fticis
Bbhd, TOEM/HpIcLD CPMICC — {0} o DBEMMHEEED S, T5L,
Z DA Hausdorff D&BEE 2T Z e bbb, 1<i<n+ 1L T

Uz‘ = {(111, ey Ly ,{L‘n+1) - (cn+1 | Z; ?é 0}, V; :p(Uz)
CEDDZE, {V; |1 <i<n+1}ICP" OBEEICIZ 5,

gzﬁi:\/;—>((:";p(x)r—>(ﬂ...ﬂ x”“)

) ) PR

WEoTEB/R ¢ ZEDD . ¢ 13 well-defined 12725, EHIZ{(V;, ¢5) i 1 CP
D n RITERZHREEEZ ED 5,

18 1.6.3. 2=X VUM +1) X
S2n+1 — {x c (cn—H | |I| — 1}

WHERB I D DFRANHER T %, 7272 L. o= (z;) e C*PHITH LT

n+1 1/2
] = (z |xz-|2)
=1

THd, THEFCH 2R LRI—HLLL ZDOR"M ORIIC—H LTS,

R U(n+1) 28 SPHICHERANICIER 5 2 21, B11.2.14 TRLZ O(n+1)
DY ST ICHERHNCIER % 2 L DAL FRIRICLL T D X 512 TE %, (EED x €
ST LT, a2 CMM DA=RVEIKy = 21,20, .. ., 0p KHERT %, g, =
(1 Tpy1) €EUM+1) EBL L, goeg = DD LD, T HIUERED y € St
WAL TCger=y&hdg,elUn+1)z2dl. y=ger = g,(g:)  aDD L
Do gy(gz) P €U+ 1) 260 Uln+ 1) & S HICHEBHNCIER T %,

Un+1) D C"H ADIERE, C! OFEER] Hermite NFEZ IR B, FEHER
Hermite WO FEERIX CM ! = R 2 OFFERENBEIC—ET %, £o T, Un+1)
D CH ADERIE. C! DREEERFENE S FEIRD, TRDB, Unh+1)D
CI ANDERIFEREHUCIE D, Un+1) O S ADER b FREH U 5,
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EE 1.6.4. 5fftp: C"' — {0} — CP" IZEREHIBHRICR D, C® HEBITK
5o FODSPTLADHIB D CWEBRIZL S, 2 XD CP?IZ Riemann §1&DS
EED. CP" X Riemann FHHE 22272 5,

GERA p: C {0} —» CP" ERIEAIFERICIRZ 28, pDEDI & CP?
DEFERDED T Sbo b, FHz, C°MEBRITR S, C - {0} DERD 2%
RSz p ZHIRLTD O REZRTH S, CP" DITIE S DH BT X >
THERINZEZDT, p: S 5 CPPIZRHTH S, v SHHITHLT

p~Hp(z)) =" NCe=U(l)x

DD VLD, EHITT, S = (Co)t @ Ry =1z I LB, kerdp, = Ry -1z
¥ %, dp, : (Co)t — T, CP" B3HIERMEERICL D, ZhiZ X 5T (Ca)t
DWIEZ T, CPM ITEAT 5, EEDy € pHp(x) NLTHS 2z € UQL)H
BHELyYy = 20 785, 2 ITK DB AN T —FIIFERNITR 270, #HERTES
dpy : (Cy)* = Tp)CP" = Ty CP" I K o THAT 2D 2 1T L TED N
FERUCIZKRS, LzdioT, CP" DORRDOENRT PVZERICHNESEE D, CP?
'¥ Riemann ZH£KI1272 %, S? L @ Riemann §F &2 5 CP™ @ Riemann T &237E
FoTWADT, Un+1)DCP"\DOBHALERIIFREN U5, Lo T,
CP™ X Riemann FHZEETH 5,

1.7 Grassmann ZF{E
KIEREFZECOVWITONICFLWVWHBDET S,

EE 1.7.1. oo ZHARBE T3, r+n ZOCK RZ FLVZER K™ ND r 0T K
ok G.(K) TRL, G (K™) Z K = R DEICE Grassmann
ZEE. K = C OB A ICHER Grassmann ZHE L ER, FFiCr = 1 DA,
G1(K'*") = KP" TH 3,

B 1.72. K=R,CIKJELTd=1,22 522, G.(K*) & drn XICZREIERIC
7;%0

fEEH K ICK = RDGE., BHERNNEL AL K = C DA, BHER Hermite
WHEEEZ ANS, ZHICE> TG (K DIV ITHLTVER2EZ S Z e TE,

v« Homg (V. V) = G (K™™) 5 f > graphf = {v + f(v) | v € V}

eBlE, {ov |V e G (K™ G (K) OZRRMEEL ED S Z e 2 RT
KT, ZAdbhiuX., Grassmann ZHEDXITIE

dim G, (K™*") = dim Homg (V, V*) = drn
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t 7; 60
Ve G (K 1o L

Oy = {U € G,(K™™) | UNV* = {0}}

B L py(Homg(V, V1Y) = Oy DD VDZ 2 ZRT, f € Homg(V, V1) I
LT oy (f)NVEDIEREDITIEv € VIZEoTo+ f(v) 8 RTZ N TE,
v+ f() EVETH D, flv) eVERDToeVEERD v=00KDID, Z
NED, fu)=0Fkbb o+ fv) =02, BELD ¢ (f)NnVE = {0}
b,

¢y (Homg (V, V1)) € Oy

2185, MCUNVE = {0} &7z 5U € G.(Kt) 22 %, K55 V ADELRS
¥ P IKEEEHTHY, TOMIVEEDLS, P OUANDHIB Py U -V
DIFZUNVE = {0} & RoT Pyly 3HFNTR 2, U & VIIRTEHELWVDT
Pyly B KEERBEHRICIR 2, 22 TZOHER%Z g: V - U THRT, vIiTiL
Tglv) eUDV ANDEXRFEPvITKRDEDT, gv)—ve VERWEDIID, £
T f(v)=gv) —v&BLL, feHomg(V,V') &b,

ov(f) =graphf = {v+ f() |[veV}={g) |veV}=U

L7=h3- T,
¢y (Homg (V, V) D Oy

ERD. Oy = ¢y (Homg(V, V) DD LD Z e b b
ETRLIEZE LD,
oy : Homg (V, V) — Oy

IRHHCH B, X BIC oy BEEHCR B 2 ¥ FLURCRT. fi, fo € Homg(V,V4)
W LT
ov(f1) = ov(fa)

YARET B, EFELD
v+ A |veV}={v+ filv) |v eV}
DD LD, TEDv e VIZOWT, b0 € VIBFELT
v+ f1(v) =0 + fo(v))
DI D ALD, EfMZ X2 0BO—2ELD.

v=1',  fi(v) = fo(v))



1.7. Grassmann ZHEK 27

DD LD, FHC f1(v) = folv) D, THHEED v € VIZOWTH D IZDOD
’C\\\ f]_ - f2 %?ﬂa:%)o Lf:i)i\’) T\

¢y : Homg (V, V) — Oy

FHEGNIR D, ZOEBRIIEHESTH 5,
SRR DRI WA RIS T 5 2 ¥ B g bz, VI € Gy (K
W LT
O 0 dv 1 ¢y (Oy N Ow) = ¢y} (Ov N Ow)

PRI BRI Z e R, £F
oy (Oy N Ow) € Homg(V, V1), ¢t (Oy N Ow) € Homg (W, W)
MG I EBRLTEL, ¢y ET7T7T7DEEID

oyt (Ov N Ow) = {f € Homg(V, V1) | v (f) N W+ = {0}}
= {f € Homg(V, V") | Py (graphf) = W}
= {f € Homg(V,V4) | By o (Iy + )|y : K B AR5 )

Y70, ¢y (Oy NOw) 13 E%
Homg (V, V*) — Homg(V,W) ; f— Pyo (ly + f)lv

12 & % Homg (V, W) WD K#ERIBIGEBR2ARDHRIC—H T %5, Homg(V, W) IZ
kmeﬁﬁ RIEMR2RIZBES IR D, ¢, (Oy NOw) 1& Homg (V, V1) OB

BB D, VEWERANEZ S, ¢,/ (Oy NOw) I& Homg (W, W) OBIES
Kﬁ%:t%b#%

(;S;Vl o ¢V : gb‘_/l(OV N Ow) — gb;[,l(OV N Ow)

XD AKIMICRR L, CADMORRERICRS 2 25T, f € ¢yt (OyNOw)
ZH LT éy(f) € Ow TH Y.

Py lgy (s s ov(f) = W
W KAEFRBBBRTDH 2, ¢y o dy(f) =g € Homg(W,WL) &35 ¥,
ov(f) = ow(g)
DR D LD, dw (g) DIEEDILIE

w+gw) (wew)
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Y FED, TS Pylyy ) BIEREE S

(Pwloy () (w + g(w)) = w

Z 7;50 PW|¢V(f) 01K%§ﬁ2ﬁ§2§{%7x®.’6\

w+ g(w) = (Pwloyp) (W),  gw) = ((Pwloyr) —1w) (w).

Lo T, g = (PW|¢V(f))71 — 1y &7 D.

¢1}/1 © ¢V(f) = (Pw,qﬁv(f))il — lw.

kb
¢17vl o Qy : Cb\_/l(ov NOw) — ¢17V1(OV N Ow)

DRI FRZI22 Z e 3bD %, {Oy | V € G.(K™™)} D% Oy 12 Homg (V, V)
DAEZED. ZHIZE o TG (K ONfHZED % & Hausdorff D5 7% i

e Zehbrsd, UET{¢y |V e G (KT™)}HI G, (K) OZRAMEZ E D

5ZeDbhr b,

TEIE 1.7.3. Grassmann ZHE/RIX Riemann FE 2272 5,

SEBA  Grassmann ZHk{IKIE a > %7 MEIE Lie BEORIEMIC X 2 FRRE2FHEO Z
LERL. FOFRRICE o T Riemann FEZERNCR 3 Z L 2R,

O(m) (K =R), [ som) (K=R),
U(m) (K=C), S%m”_{&mm (K = C)

EBL, INBETRNTHIE Lie #BHick 2, £33, Uk(r +n) 23 G.(K*) ICHER
FNCER T2 2 2 g, K OBFERNEREREEZ e1,...,6,0, THRT, T
bbb, e X i WTDA 1L THDORTIEITRTOTHIMRI VL THB, 0o =
K" % G.(K™) DFRE LT3, EEDOV € G (K™) I LT, V OIERERHE
Ko, ...,0, 22 %, T K™ OEMREREE v,. .., 00, KERT 2, u =
(V1 oo V) T K Tr + n RIEEFITANZED B, ue Ug(r+n) THB, TH
WZule) =v; 78D uwo=V R DILD, L7dio T, Ug(r+n) DG (K ~\D
TERNEHERINC 2 20 G (K™ % Ug(r +n) ORGZEME LTRIT DI

K ={k e Ug(r+n) | ko= o}

%‘,‘)3&&) 5o k?u € MT’T(K), k?lg € Mr’n(K), /{321 € Mn’r(K), k22 € Mn,n(K) K:;FJ‘ LT

k= kll k12 e K
k21 k22
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3B, 1<i<riTLTke, EoRBDT, kyy =0%15%, ko=0&D
kot =0t D, r+1<j<r+nliZMLTke; €0t 2%, ko Tkp=0%
85, kb

kll 0
K C
1K

Z :TE‘E&:%L\VC ki € UK(T‘),]{?QQ S U]K<TL) ERBZehbnrb, I T,

€ UK(T + n) kll < MK(T), k22 & MK(”)} .

Ux(r) x U (n) = { [ ’“51 k(; ]

LB, ETRLAZEIFZK CUk(r) x Ug(n) TH 53, HIZ Uk(r) x Ug(n) D
TR o ZEET 2 BELLLNE DT, K = Uk(r) x Ux(n) B DL, B
ED G(K*) & Uk(r 4+ n)/Uk(r) x Ug(n) EMAFREICKR 3,

SUk(r +n) d G (Kt IZHEBAINEH T2 28 2”5, T Uk(r +n) D
TEREHERINTH L2 e 2R LEDT, FEDOV € G, (K IR LTH 2 u e
Ug(r +n) BDEEL TV = uwo DK D LD, u, = diag(z,1,),2 € Ug(l) &5 3
Cu, € Ug(r +n) &7 D detu, = 2 DK DILD, detu € Ug(l) 725 DT,
z=detu ' &F B L uu, € SUk(r+n) 2155, £oT. V =wuo=uu,0 &7,
SUg(r+n) d G (K) IZHERBHNSIER 3 %, 0 ZIEE S % SUk(r +n) DERTREE

k?n c UK(T’),k‘QQ < U]K(TL)}

S(Uk(r) x Ug(n)) = (Uk(r) x Ux(n)) N SU(r +n)

W25, XoTG (K& SUk(r +n)/S(Uk(r) x Ux(n)) Mo RIAENZE 5,
G (K™*™) @ Ug(r + n) A2 Riemann sT 2 ZED 2 70D12HKR 1.4.9 ZFHT 5,
Uk(r +n) @ Lie B ug (r +n) OEMDHE up (r +n) = ug(r) X ug(n) + m %

X, 0
ug (r) X ug(n) = { 0 Xu ]

m:{ _2(* i:”XGMm(K)}

X11 c U.K(T),XQQ c HK(TL)} s

&5 TED S, AdUk(r) x Ug(n))m = m B D 2D 2 £ ASRDFED &b b,

]{11 0

k:
0 ko

€ Uk(r) x Uk(n)

W LT

Ad(k) _O* X _ ki1 O _O* X k1 0O
X* 0 0 koo X* 0 0 ko
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0 kuXky, | 0 k11 X k3,
. 0 — (kX E3,)* 0

0 X
> —XeM,, (K
s[4 Fexema

WEkoTme M,,(K)ZE—HT 2. Ad(Ug(r) x Ug(n)) ® m ~OFEAIZ,

[ kél kl ] X =k XK
W& B M,,(K) ~NOIEMH & FfEIZ 5,
(X,Y) =Retr(X*Y)  (X,Y € M,,(K))
W&o T M, ,(K) EoZXKEK (, ) ZED %,
(X,Y) = Retr(X*Y) = Retr((X*Y)*) = Retr(Y*X) = (¥, X)

ZHhH. () IERFRCRo TV, BT X = (Xy),Y = (Ya) € M, ,,(K) 16t
LT

(X,Y) =Retr(X"Y) =Re > XoYu = > Re(XuYa)
a,b a,b

=) (ReXaReYa, + ImXoTmY,)
a,b

0 () BEEEICE D, COSRNPETS (|, ) BHFRCE S 2 L b5,
kll < UK(’I“), k’Qg c UK(n) bt X,Y € Mr,n(K) @:j‘ﬂ‘ L <.

<k11Xk;2, ]{311Y]€;2> = Retr((klleSQ)*knYk;z) = Retr(kQQX*kI1k11Yk;2)
= Retr(knX Yk, = Retr(X*Y) = (X,Y).

L7zdo T, (, ) IFAd(Uk(r) x Ug(n)) RZEZ7ZD, %149 &b, M55 2
G (K™) = Ug(r + n)/Ux(r) x Ug(n) £® Riemann gt &{Z Ug(r + n) FZEIK

PLEX D, Grassmann ZHK G, (K™™) 1Z Riemann FEHZERIZ2 5 Z L 3b D
%o
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FE2E8 Riemann XF#hZER

2.1 Riemann XJ#¥rZERI

Riemann ZHIKD 72 01213 # D I mXTHRR & FEAR 2 [E 8 RS DR R M E
PRODDDPFHET A DD D, LLNITZED XS 2Hl% N L DT 5,

B 2.1.1. RMISEFEOHNEZ AN Z 212X D, Riemann ZHKE A S, &Rl
r € RPN LT

s.(y) =2 —y (yeR")

WZXoTs, ZEDD & 5, 1 FBHDERD 2 1281 2 FINTIR 5, 5, 1& 52 = 1gn
&

F(s;,R") = {x}
T T
5l 2.1.2. n XICERIE S™ ODF M 2 1ZDWT
s:(y) = —y+2(z,y)x (y e R*™)

WX > TR OEE s, BIED Do s,(v) =2 THD, 2 L EXRT Sy c R
WZDWT s,(y) = —y DD LD, THED
Sy = 1Rx - 1(Rm)1-

LT E S, £oT, s, 13 £1 ZEHEICHD., +1 DEAFZEMIZRz TH D, -1
DEFZERIE (Re): TH S, FZ. s, € O(n+1)THH, dets, = (—1)" 23D
b, BTS2 =1, DD 5B, s, FRTIHNORZ FLOREIZIRODT, s, D
TERIE S™ Cc R Z2fRD, E BRI D LD,

F(s;,S") ={£x}.
FRDRRE BRI L TROERZT 2.

EFE 2.1.3. HfE Riemann ZHEAE M OFH oz e MR LT M OFEEEH s, H
TEFED., ROLMHZ-F 2 & M % Riemann WHRZEfE & W 5,
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(2) =& s, DINLEERTD %,
5, % o 1B 2 mXIRE MR,
S Riemann ZAREKDEEZLUIROME Z KO Z e AL TV,

f#iR8 2.1.4 ([3] Ch.I Lemma 11.2). M % #fE Riemann ZHAE L, o & v & M
DEREML T2, HDripec MIZBWT é(p) = (p) & do, = dip, DS Y YLD
BOE. ¢ = DD LD,

8 2.1.5. Riemann MFRZEME M DR p BT 2 1MMNEI. f(p) = p & df, =
—lp 27z THERZEWR f & LT—RHINIEE 5,

BERA  p 2B B R s, 1 s,(p) = p W72 T p il B HBIER v 13X s, 10K o
THHIFRICE 2, B L s,y =y DWDIDET DL, 5,137 FORZFTRTEE
FBZLIEkD, phss, OMUEFETH S 2 LITKT B0 £oT 5,(7) &7 %
WA 22 U HIMIRRIC R 2, 208 p &l 2AER ORI OWTH D LD DT,
(d8p>p = _1TpM %ff%‘%)o

M OFEREH 53 f(p) =p & df, = 1 ZH7-RIE, MiE2.14 KD f=s5,
DD LD, Lo T, ZOKIBHEHZFOHFERAZIII—ENTDD, 5, D
ATH 5,

5l 2.1.6. H12.1.1 £ b R" X Riemann MFRZEETH 5, H2.1.2 X DERENZ 3 > %
7 b Riemann X{FRZERITH %,

2.2 REFHZEMED?2
8 2.2.1. p(x) € RP" (v € S™) K LT
Sp)(P(y)) = p(s2(y)) (x € S™)

W& 5 Tp(x) € RPMITHBIF 2 MR sp) ZED D L 5p(s) 1& well-defined 1272
b, RP™ X Riemann MFRZE/ENC 2 5,

SEBH 2,y € ST REEICE B,

s_2(y) = —y +2(-2,y)(—2) = —y + 2(z, y)x = 5,(y)

DD LD S BT s,(—y) = —s:(y) £V p(sa(~y)) = p(su(y)) £2 D\ e =
+1,6 =+1ITHLT
P(seu(€1y)) = p(sa(y))-



2.3. HBEHZEMZD 2 33

L7z 2T\ sy (& well-defined TH %,

r,5n T ) S"

dpyl ldpmw

Tp)RP" W Ty 0w RP™

EAHERIRIZTE D (dsy)y, dpy, dps, ) EEEESTEBARTED B (dsyw))py) bR
WEBITIE %, Lo T sy BERERTDH 5,

EFRLD

Sn@) (P(Y)) = sp) (P(3:(y))) = p(s3(y)) = p(y)

BArb. 82, = lppn B D IO,

St={ue S| (u,z) >0} 1E S"ITBIF 2 2 DHEEFETH D, p(SP) IERP™IZ
B2 p(x) DFEETH %, p(S2)ITBWT sy, DEIERIE p(z) ZFTHE &
RS, ueSed b,

p(”) = Sp(z) (p<u>) = p(sx(u))

DB ML s, (u) = +uTH B, THFuds, D L1IEEHXRYZ ML THBZ
EHEoT W5, 5, D+1EHERY I L2 72D T, SPTHTE 2 DATH 5, s,
D —1EHERZ MUz L ERTSDT, STIIFELRWV, Lo T, p(St)
ND sy DEIERIZ p(x) DATH 5, THED. p(x) 13 sy PINIEERTH %,
L/U:h_ X D RP" 1% Riemann XTFRZERITH 5,

2.3 EXRFIEEMED?2

8 2.3.1. p(z) € CP" (z € S I LT

sS =1gp — Lo €U +1)
sp) (1)) = p(s5 (y))  (y € $*F)

& 5T p(x) € CPMITBIT 2 IR sp0) ZED D X Sp(r) 1& well-defined 1272
D. CP" & Riemann XMFRZEMICI2 5, 7272 L. (Cz) & C DFFHER) Hermite
NREICBE S 2 B TH 5, S 512, CP" DEFRMEICB L T sy IFIEAIZE
WTH 5,

BB,y € ST RAERICE B,
u,v € U)K LT, Cuzx =Cax72h 5 S, = sETHhH 2, 51258 (vy) = vsl(y)
&0 p(s;(vy) = p(s;(y) £ D

P(sua(vy)) = p(s5 (y)).
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L7z 2T\ sy (& well-defined TH %,

Ty S2n+1 (dsg)y

o] E

€yt B (CsS(y))

:(y
dpyl l P (v)

)CP" ——— T, () CP"
(dsp(a))p(y)
ECIE AR N (dsg)y,dpy,dpsg(y) BERWEGBRIZD O (dspa))py) DFR
SIVEIRIT B0 £ 2T sy KERZHTH 5.
EFED

TgyS*™!

Sp(a) (P

sy (P(Y)) = sp@) (0(55 (1)) = p((s5)* (1)) = p(y)
b, 82, = lops BHD T,

Cr+! OFEUER) Hermite NFEODEH % (, ) TRIT &, ZAUICH Z R 2 L [H
—HF 5 b R QEENRNC —BF 3, S = {2 € SP | (u,2) > 0} 13
Sz BB o DFBEETH D, p(SPH) X CPMIZBT % p(a) DRAHETH %,
(S IZBNT sy DEERIE p(z) ZIFTH DI Z2RT, 2 € S 255,
p(z) B3 Sp(z) DEERTHEZ L, THhbH

DRETDFEMED 2 uec UL) DFELTsE(2) =uz BRDILDZ e TH S, Z
2D DulEERZ P THZ I ZF-oTWVD, s DEAEIZ LI THD,
u=x1t7%%, sSORI1D+1EARY PLORIKIZU(L)z2 THDH, ThHD
pICEBBIITARTp(z) IT—HT %, sC D -1EEXRT LI Cr & sca“ré@
T, SPHUZIITFEE LR, L -> T, S22 D sC OEIESDEKIZU(1)2 T
Hbd, TH &K b\ p(ZU) & Sp(x) @%ﬁ%)ﬁf% %o

ML EIZ X H CP" i Riemann SMHZERITH 5,

EH1.6.4 DFEFHT/RLUZ U(n +1) D CP* NOHERIZ/ERIZ. CP IZIERIZE
P LTERT2 22 2R3, Un+1) O C T AOIERIK, HEREED—REIH
TRESLDT, ERIE#TH 5, EAIEEp: C"M —{0} - CP"Z@BLTU(n+1)
D CP" ~NDOIERMPEEZ 5 DT, ZHUICP* OIERIER UK 5, 2 € C! - {0}
WXLT

SC = 1((390 — 1(C$)J_

F =X VAR D, ZOITHRRI UMM+ 1) DILTH %, LicdioT, CP"
DD XL CP" OIERIBBRICHK 5,
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2.4 Grassmann ZH{EED 2
il 2.4.1. V € G.(K*) icxf LT
sy =1y —1y1 € Ug(r +n)
12 & 5T VICB B A s, #ED B L. G, (K™) 1% Riemann 2T 3.,

SERA 17EICRLZZ X DI Uk(r +n) @ G.(K+) NDIERIZFEREN UK %
DT, KiTs, DIFHBERLICL D, sy DEDTED s =1DBWHIIDZ L
b0 %, Oy BT S sy DEERIIV 2T THS I ZAHT 5, Oy DIt x
Zr ) ZOREEZEREMAREK T =V +VEIZWoTo +oi, .. o +o BR
TS5, 2IZTy vy eVl eVETHB, Pyl, : v — VIFKFEREICR 2D
Ty vp,..L 0 XV ORIRIZR S, sy(x) =2 EIRET S &

1
v; = 5(% + vt sy (v +oh)) €

LD x={v,...,0 g =V BKDIILD, L7zh> T, Oy BT 3 sy DEIE
RIRV 2Tz, KT Vid sy OINZIEERIZR %, YA ET G (K ) I3 FRzE
BCk 5 Z Db o Tz,

2.5 A>/\Z7 bk Riemann Xt FRx

EIE 2.5.1. M % Riemann MMZER & 55 & M IZHBEZEmICR D, I(M) &
MIZHERBHNZAER S %5, I(M) OBALGERER D Io(M) & M IZHERBRICIER S %,
F#1Z Riemann XfFR2Z[H1E Riemann SFE ZZHTH %,

SERA @i 2.1.5 & D, (dsy)e = — 1o DK DD Z B ITHER L TEL,
FED2eME X eT,MIIHLTHZe>08

dry
W)=z, —(0)=X
Z i 7z SR v [0,e] = M DMFEET %0 s, & y([0,¢]) IEFHSE 2 Z LK
D. Yy DERIBZ [—€, | ITHIRTZX 2, ZDEE, (ds,)(X)=-X7nb, 21
BOTD ([—€,€) ZELDPITHR STV D, s, & Y([—e¢]) KNEHSEZ Z I
ED. vy DEFEEE [—¢, 3¢ ITHERTE %, _®$9§1’E%%a”ébiéa“: LIZED, 7D
ERBE R BRICHNRTE 2, Lo T, MIFHBIMSERCTH %,

EF13.13 XD, EED M,y € M ZRENHMAR v DTFEET 5,

v:00,1] = M, 4(0)==z, ~(1)=y

ELTHEL, TOEE, syq(r) =yDBWOILD, Lo T, [(M)IE M I
BHNAERT %,
ROMmEL D, (M) & M ICHBIIIER T2 Z e 03bhd



36 %27 Riemann XFRZERH]
R 2.5.2. Lie BEAEMEZRRRICHERINICIER L TV 2 & & Z D HNERE R 9
HESHNCIER T %,
&8 2.5.3. A 2.5.2 ZAEAHE X,
EIHE 2.5.4. Riemann MFZEH M D 2 R LT

0 : I(M) = I(M) 5 g — 52954

WEkoTB o, ZEDD . 0,13 [(M) DNEW (02 = 1)) BRBEHRIZKR
%o B0, (Ig(M)) = Iy(M) &2 %,

Ky ={g € Io(M) | gz = x}
By, K, & I(M) O Lie S0 B1272 D
M= 1(M)/K;,  Folog, Io(M)) C K, C F(og, Io(M))
YLD, T T
F(og, Io(M)) = {g € Io(M) | 02(9) = g}
THY, Fylog, Iy(M)) 1ZZ OBALERER D TH %,

Z OEFOFFINIFEADENC IR 2 DT, 2 TEEFHIZERS S %, (Helgason
[3] Chapter IV Theorem 3.3) % @K DI n XITEKH DG E T EH D FIRHK D
MNDZe'ATEL,

B 2.5.5. n XITEKE S” DG, 1(S™) = O(n+1)12% D, I,(S") = SO(n+1) 23K
DALD, BT DAL THORFIEZTRTOTHBMRTZ FLE e € S* C R

TR,
1

—1

Sey =

—1

Z&D\
0c,(9) = 5¢,95., (g € O(n+1)).

f

Bbhrd, o, DL D

X HIZ

g€ SO(n)} =1x50(n)

F(0.,,S0(n+1)) = S(O(1) x O(n)), Fy(oe,, SO +1)) =1 x SO(n)



2.5. 2,87 b Riemann FFRxT 37
ThHbd, 77201,

S(O(1) x O(n)) = { [gl g ] g1 € O(1), g2 € O(n), det g; det g5 = 1}

ThHd, EHI
Fo(8e,, SO(n +1)) = K., C F(s,,,S0(n + 1))
M DIIDZ bbb,
B 254 BXUEZOHOEI 255 R X TROERE S 5,

EH 2.5.6. HiiT 87 b Lie#f G, G ONENHCRAEHR o & G DF Lie &6
IEEK D
Fy(o,G) C K C F(o0,QG)
Zii/z 3 e %, (G,K) %> /\7 bk Riemann XFR% & E5,
EIE 2.5.7. (G,K) %2> ,%7 b Riemann Xt & L. ZONEH H CFRIRE S

oI b, ZOLE, GOEHAPFEENICZ % Riemann 3T &5 G/ K IZFIE L.
JFio=K e G/K D3t s, &

so(9l) =0(9g)K  (9€G)
WEoTEDDZIZED, G/KEa > 87 b Riemann SFRZERNICR 5,

Helgason [3] Chapter IV Proposition 3.4 g,
U(l) DWL opDfE e A8z % Lie Bfe b—F5 X 2 R,

E’ 2.5.8. (G, K) %2 >,¢Z b Riemann RFft L 52, ZoREMWHECHRE
B% o TRT, do:g— g DEIHHEIZ L1 THD., +1 EHZEMDIHZ

g=t+m, t={Xeg|do(X)=X}, m={Xe€g|do(X)=-X}

5%, g=t+mEIEESERE VS, BABRFE 7 G - G/K DRAITITEIT
WM E R dr, 1 g — T,(G/K) Z m KBRS 2 &, m» 5 T,(G/K) ~NOMIEIFE
FiRIZIZ B, THIZ

Exp,(dme(X)) =exp X -0

DI D LD, m NOMK AT 722/ a I/ LT A = expald b —F RITR D,
A-0ld G/K O2FBBIERD 2RI 5, T HI
m=|JAd(k)a, G/K =[] k(A o)
keK keK

DD T2, FOFERXDLS G = KAK D3 D 37D,



38 %23  Riemann XFRZER]

Helgason [3] Chapter V Theorem 6.7 2, FilDEMOEZDOEFENRIT. RDE
FOFLBITHED <,

& 2.5.9. BHGOEAIEE XY, Z1THLT
XY ={ay|lzeX,yeY}, XYZ={ayz|lzeX, yeY, z€Z}
W EoTHAEE XY, XY Z &2ED D, A EOEHIEEOED FRIERT 5.

i 2.5.10. §12.5.5 & D (SO(n +1),1 x SO(n)) 1Za > %7 bt Riemann XFRFT
BH5b, MIHT B Lie BROEME R IX
wER"}

Rl e (M

feR

o(n+1l) =o0(n)+m, o(n)= {

X@ZDO

B Y. aldmNOBATTHES I 5, A—expabBL L.

( 3

[cos® —sinf
sinf cos6

\ L . J

ERD AR F—7RITHR 5,
SO(n+1)/1 x SO(n) = S™; g(1 x SO(n)) — gey

KXo THEERZR—HTE S,

[cos 6]

sin @

Ae; = 0 feR S C o™

0
\ J

35" D e, BRI Bo ZAUS 1 x SO(n) BIFRIEEB Y o) B3 SHFTAT
DY NV CISY AN

- LJ kAe;
ke1xSO(n)

DD LD DD 5,
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il 2.5.11. Il 2.5.5 DELEERTRAT 3 .
F(0e,,SO(n+1)) =S(O(1) x O(n))

o6, (SO(n+1),5(0(1) x O(n))) t&a >, b Riemann M TH 5, A
152 TTEDERp: R — {0} - RP" 2S5 &

SO(n+1)/S(O(1) x O(n)) = RP"™; ¢S(O(1) x O(n)) — p(ge1)
KXo TliFEERE—MHTE 2, 125100 AITELD

RP" = U kp(Ae;) = U kp(Aey)

keS(0(1)xO0(n)) kelxSO(n)
DD LD Z b5,
f 2.5.12. ] 2.5.5 DB ERHAT 2 &

0, (9) = 50,95, (g€ Un+1))

WKEoT, MEMNBECRAEE R 0, : Un+1) > Un+1)DEED,

F(o.,,U(n+1)) = U(1) x U(n) = { [“

u € U(l),gEU(n)}
g

D DILDZ eDbhr b, LD

udetg =1

F(o.,SU(n+1))=SU1) x U(n)) = { [u g]

weU(l), ge U(n)}

bbb, LehoT,
(Un+1),U(1) xU(n)), (SUMnm+1),S(U(1)xU(n)))

BB 5B a7 b Riemann NN TH %, IET 5 Lie BRODEAESRIX
w(n 1) =u(1) x u(m) £ m, (1) x u(n) = { [ .

{l. -

£ %, su(n+ 1) IZOWVWTHARRICERTE S, 55 do D —1 [EHZEMIZF
CmiZZ2%, 2510 TEDzaldun+ 1) Rsu(n+ 1) IZBVTH m NDOMK

zeu(l), X € u(n)} :
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B

77
o T

QNEl

eI %, SRS 5 AEF2.5.10 LRI TSR E AL, b —F Rk
1.6.2 TEDEMp: C - {0} = CP" 2S5 &

SUMm+1)/S(U(1) xU(n)) = CP"; gSU(1) x U(n)) — p(ge1)
KXo TlHEZF—MRTE 2,

CP" = U kp(Aey)

kES(U(1)xU(n))

M DILDZ e Bbirb

f 2.5.13. U(n) ONEHECRBER 0 %
olg)=9 (g€ U(n))

KXo TED D, F(o,U(n)) = O(n) B DILH. Fy(o,U(n)) = SO(n) TH 5,
XoT, (Un),SO(n)) &z > ¢ b Riemann SFTH 5,

21

U = " z € U(1)

B, U IEF =7 RI1T%”D

n)/SO(n U kU(1

keSO(n

B DALD Z ¥ BHISR TV S, ZAED Un) = SOn)U(1)"SO(n) LD 370,
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E3E Wit EEES

3.1 fRith

E& 3.1.1. M 22,82 b Riemann MFZEH L 52, M DH 2 2B 5 50
5. DEIERES F(sy, M) DEERER T % M O & MER, Mithni— ki 574 %
CEBLIER, ZORBEEMEMERZ DS, ovlids, DINIEESRTH S Z
E o {x} iFT F(s,, M) OEFERITICR 2720, {2} \ZBRBREE LR,
1.3.8 & O, WHNI 2RHEE D 2RI 5, Lo T, Mthd 2> %7 + Riemann
WL 5 Z Db b, 26 ORERIE Chen-Nagano [1] 23 A L7z,

fll 3.1.2. n XICEKMH S™ DR 2 1IZBT 5 K0 s, DEEREEE F (s, S") = {+a}
THd, £oT, "Dz T 2MI {2} & {—2} THD., &HITMUTZ B,

SFBR #1212 TAL LI
s:(y) = —y+2(z,y)x (y e R*™)

WEoTEZE SR OEEHL s, 135" Dz BT DENMHEED D, Hi2.1.2
THz &SI F(s,, ") = {£x} R DILODT, S" Dz 1B T g {z} &
{2} ThHb, LBITHITK S,

R D m RITER7TRX 7 M IVZER VIR LT
RP" D> P(V)={Rx |z €V —{0}} X RP™!
8L,

5l 3.1.3. n ZICEHHZEM RP" D& p(r) = Rz (z € R* — {0}) 1B % 55Xt
r Sp(x) DIEE SEEIX

F(sp(e), RP") = {p(x)} U P((Rx)")
THb, £oT. RP" D p(x) BT 213X {p(x)} & P((Rx)*) TH 3,

FEBR z,y € ST ITDOWT
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DD LD T2 D DRBEF D5 s, (y) = 2y TH B, THhbDB, yh s, D +1
BHERZ FLERIZ —1FHBAERZ bUICKRBZTH B, ZHldy € Re £713
y € (Rx): [FfETH D,

F(sp@), RP") = {p(x)} U P((Rz)")
DIFK D LD,
C DR m TOTEZIR TR PVZER VK LT
CP"> PC(V)={Cz |2z cV - {0}} =CpPm!
8B,

il 3.1.4. n KITEFRFHZEM CP" DR p(r) = Co (v € ST ITEBF % 5
Sp(z) PDEEREEZ

F($p(a), CP") = {p(x)} U P*((Cx)")
THb., koT. CP" D p(a) IKMT 2HHUE {p(z)} & PS((Cx)t) TH 5.

SEER 2,y € S FLIZDOWT

MDD D DREFTFMHE s, (y) = 2y TH B, TROB, yhs, D +1
BHERZ MLERIE —1FHERZ MICKRZ I THD, Tty € Co 21
y € (Co)t L[EHETH D,

F(sp(a), CP") = {p(2)} U P*((Cx)")

D DILD, 7272 L. (Cx)t & C*+! DFFHER Hermite &2 ICBE 3 % EAIHHZEH T
H3,

3.2 WEES

E& 3.2.1. M 22,37 b Riemann MMZER & T 5, M DETERE S DITXRT
DR 2,y LT s,(y) = yDBHDIIOE =, SEWNEWES L VS, M DONHLE
BOILOMEED FIR% 2-number ¥ W #,M TS, ZHIIERTH B Zen
Mo TWS, 2-number 5.2 2 0HES 2 AMHEES L MR, o ORI
Chen-Nagano [2] 23EA U7z, @EBARICE L TR MR G 2 AT IEES &
MERZ 22T 5,
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AR 3.2.2. 2287 b Riemann MFRZERID R 2,y IZDWT s,(y) = y DK D 3L
DUARET %0 x,y ZIESAMIR v 2 & 5. s,(7) 1& z 238 2350 Z ORFRIC 72
B, L7dioTy yidy CHORY TS 2 2IckD. ZAUSEIHEIC 72 2 & v 28
HMonTwd, KoT. o,y EZEARMER v ORPEARICR 5, KT s, (x) = 2 DD
D, THRDB, s.(y) =y DB LDIROIE, sy (x) = 2 DD LD,

FE 3.2.3. WMPEEDORE 21X s, DINEERICE S DT, MPEESITEWT
BN U, SHEEESIIBERIIC2 2, FICERESICHKR %, & 51T 2-number
DEFEDEL ZATHRBRNRD, WHEESDOITLDOELED FRIZEIRICI 5 2 & 5%
BRTWVW3,

Bl 3.2.4. n XITERMH S™ DR 2 1IZBV 2 A s, DEIEREEE F(s,, S") = {+x}
THd, LEdoT, {xa} EIKMPHESITRD, #,5" =2%215%,

EIE 3.2.5. n RITEH 2R RP" OO EBRICE L TR TEHES ATkt L
T, R OB BIEMRERIEEK v, ..., 200 DIFIEL.

A= {Rxl, ce ,Rl‘n+1}.
CAUIKNPEE BT D, #RP P =n+1TH 5,

SEBR  n IZRHS BIRMNIATREAS %2, A Z RP" DMK MNEEE S 5 %,

n=10r% RPPIEIMHTHH. RZDIEFHERIEIE v, 20 DFEL. A =
{Rry, Rao}. ZAUIKWPEESITR D, #.RP' =2TH 5,

D nIZTONVWTEZ %, n— 1 U FDORITOFEFFZERNT U CEHE D FiRkD
DI oTWBERET S, ADR Rz, (1, € SM) LB,

A C F(spa;, RP") = {Rz;} U P((Ra;)*)
DD LD, T kD
A= {Ra1} C P((Ray)") 2 RP™!

725, Wi P(Rxq)t) I ERP DR ZHATH D, T 510 P((Rey)t)
BT B EAFRNE RP” O SRFROFIRIC—T %, £oT. A—{Rx} I EZRP" D
WRISER B2 %0 IRINEDIRE L D, (Ray)t DD B IERHERE K 1o, . .., Ty
DIFLE L.

A—{Rz 1} ={Ray,..., R, }.

L7235 T,
A= {R‘rh s 7Rxn+1}

218%, 22T, 21, ., o BRI OIFREREETH 25, AXKRPEESIC
z.:ﬁb\ #QRPn:n‘{_l“G@%o
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EIE 3.2.6. n ZoTEFEFHFZEM CP» O EBRICE U TR Z M BEE S A 125t
LT\ Cn+1 0)36%:1-:—& U %E O R I | ZI?)‘T?E L\

A= {(Cl’l, ceey CIn+1}.
ZHUIRMBEER BT D, #,CP"=n+1Td 5,

SEBH  n ICBHS 2 IRMNIETRE-AS %, A Z CP" DMK NHES & 5 5,

n=10%, CPLII2XKETHH, CPO2=%VEK 21,10 BIFIEL.
A ={Cuxy,Cxy}. ZHAUIKMHESIZRD, #,CP'=2TDH %,

D nITOWVWTE R 5, n— 1LUNORITTOERFHFZZEMITN U TEM O Fik
MWD ->TWBERET S0 ADR Cry (v, € S 2Bk,

A C F(scy,,CP") = {Cxy} U PS((Cxy)h)
MDD, T kD
A—{Cz} c PS((Cxy)") = CP!

L7325, fth P((Czy)t) 1d CP &R 7 2HATH D, T 51, P((Cxy)t)
2B B RN CP D s ROHIRIC—E T %, &> T, A—{Cz, } I ZCP" ' D
MR ISR B 1272 % IRINEDIRE L D, (Co)t DH B 2=R VYV E Ko, ..., 7011
DIFLE L.

A—{Cx1} ={Cuzxy,...,Cxp1}.

L7235 T,
A= {Cl’l, N ,an+1}

2182, TIZTy 21, ., Ty WECH D= R VEETH 5, ATKAMPEESIC
2D, #,CP*=n+1TdH3,

3.3 Xt¥r RZER

F& 3.3.1. (G,K) %2> %2 b Riemann SR L L. 2 DA H CLRIBIE 4
ot $b, GO Lie B g DIEHE iF

g=¢t+m

KR LT, Adg(K)(m) =m KD IO e HNTVWS, X € m D Adg(K)
8 Adg(K)X 23 m @ Adg(K) NENED HFFE S N5 Riemann HEICEL T
Riemann MFRZE/ENIC72 % & Z, Adg(K)X ZX#5 R 22 & PR, HARZEDIAA
Adg(K)X C m 20 R ZZH OIZEERBODIAA L W 5, K OHALEFERT Ko 12D
WT Adg(Kp)X = Adg(K)X 23D 2D Z £ D3HIH ATV 2 (Hirohashi-Kanno-
T.[5] Proposition 2.1 OFEIAFICH 5, G/K ND K OYEICEE T 2 [FIBRDAERIE
Tanaka-T.[12] Theorem 1), 2. Adg(K)X 3HEHETH %,
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fl 3.3.2. $112.5.5 TRz X 512, (SO(n+1),1x50(n))iE=a %2 b Riemann
HFRATH D, ZDNENH ARG/

a(g) =

! _1]g[1 _1] (g € SO(n+1))

:BG]R”}
7%, 1x SO(n) ®mADOERIE

[1 ] _tx] [1 ]— _ [ _t(9$)] (g € SO(n), x € R")
gl |x g gr

72D, SO(n) DR ~\O@EE DA BARKZFE—HTZ 2, mHNOKE 1DITD
SOM) WX 2HiEIX. m e R*OFE—HICE D, n— 1 RITEKENTR D, T,
511 2.1.2 £ D Riemann MFRZERIC I 2 DT, M R 2RI 5,

ThHb, doiZk? o(n+1) D +1 [EHZER 7RI

on+1)=o0(n)+m, m= {[ _tx]

T

WFR R ZZENCDOWTLLRD & 5 REREPHI STV,

TEIE 3.3.3 (Takeuchi [9]). M 230FR R 2272 S IR DHEAD D LD,
#,M = dim H,(M; Zy).

72720 Ho(M;Zo) & M D Zy (R ERER Y —HETH %,

EI 3.3.4 (Takeuchi [8]). WFF R 22 M O §TXT% My, My,..., M, TFK
T, RHD LD,

(1) & M; \3XFF RZ2HTH %,
(2) dim H.(M;Zs) = idim H.(M;;Zs).
i=0
% 3.3.5. MR R ZEMH M ORHID T RTH Mo, My, ..., M, 72 51E RO D 312,
H#HoM = ZS: #HoM;.
=0

HAE Riemann 28K M OEDEE A, BT LT, 3 g € Io(M) PIFE LT
B=gADKHIot %, A BIREBRATHZ LW\,

TEIE 3.3.6 (Tanaka-T.[10]). XIFR R 2%/ M 2BV TR D LD,
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(1) M DIEEONHESIED 2 KNBEHESICE NS, FITHAHFESIZKR
W A2 5,

(2) EEDO DD RMNPEERIZERITIR S,

EH 3.3.7. ZHAETERINZERO TXRTOEFREITBWT, 2O D Hes-
sian BIEBILTH % & =, ZDOEE % Morse B2 W5,

FEAE Z 2 TIRIANZR WA, Morse BABIDEE R B S DAL T 2 EE & Morse
BIEL D BB 7 DV DIEHD & Morse KL MEIN 2 BIKEZ ED 2 Z L T
%, ZOHEEKPLEESFERY —% Morse REOT—2 W5, ZHULEH DK
TuYy—FEEICRZ ZEPHLNTVS,

EIE 3.3.8 (Kocherlakota [7]). M C R" ZXFh R 22 M OFHEHOIAA L T 5,
ZDEE,NFEAETRTD X e RMIZDOWT

hx : M —R; zw— hx(x) = (z,X)

/X Morse BABITH %, X HITZFDE E, hy D Zo 1RE Morse BIKDEEFERHZIX
01272 D, Zy (2% Morse R EB Y — 1%

=3 5,

FREDEHIIBWT hy OEFEFREES C(hx) & M ORMNPHESICRZ Z Db
b, XoT. ZOEHEDNS HEMH3.3.3DEK

oM = dim H.(M; Z,).

BELZENTE S,
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FAF MAXHEERDEF

4.1 BICET3%E(E

ZOHITIEB THEICR AR MNHBEOEARTIEICOWTEE L TBL, &%
2.5.9 TEDZFEIZOWT, EBEHCEI L TXRDMWED R D 32D,

fHRE 4.1.1. B G OWOBE H, K 12 L TRD=ZLMHIZFRETDH 3,
(1) HK ©OJti& hk (h € H, k € K) DRI —EINIRE 5,

(2) hk=e(h€ H, k€ K) % BIE. h=k=eD DD,

(3) HN K = {e} 3L h Lo,

BB (1) = (2)hk=c(he H ke K) 2322, hk=c=ee DT, (1) D
—EHMED h=e k=eDED LD,

2) = B) HNK DEBDILI L %, II'' =eTHH,. l € HNK C H,
"' e HNK C KZDT, (2) XD i=1"=eDWDILD, LIzDoT, HNK = {e}
2135,

(3) = (1) HK OJTH hk = hiki, h,hy € H, kb1 € K e RENB LT3, ZOD
FERED, hth = kik 'Y LD, ZOEROELIHDILTH Y., AilIF K
DILTH %, £&oT. ZOLETHNKDILTHY, (3) &b, BATickhs, Tk
DB, hilh=el ikl =eDWOIH, h=h Lk =k&7%b, HK DILOR
LJT hk 3—EHNTH 5,

a2 %7 b Lie BEO B O A BRI DO B ERI B BAR DM E %2 F8X 5 FEIZ Sylow D
FEMEFH T2 DT, Sylow DEM L Z DRHFIEHICOWTHEE L TEL,

E& 4.1.2. BEG OEHEE SN LT, SEaURDOESEZ (S) TRL, SO
ST REBRBEL VS, () IE S 2BL IR TOEIHOIEI TR 5, S = {s}
DEX(S)=(s) LDEZX, (s)={s"|neZ}HHKDILD,

BIRFFDOME Z RN 2 BUCRDERIZEANTD 5,

EIE 4.1.3 (Lagrange). BIRH G OFAHEOMEIL |G| DRI TH 5,
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SRR G 2 BEORIFEOMIC RT3 2. AWICERDBIZKREDT, %
DERF DN & FIRFEDMEEDOFED |G| 1272 %0 FHTHDBEDONENZ |G| DFIEL
2725,

% 4.1.4. BIREE G OITLONMEUL |G| DB TH %,

FEF G DIT g IR L TL g ERT 208 (9) 13 G DERDTREICL 5 DT, &
M41.3 XD (9) DNEL |G| DRENTT2 5. g DAEUZ (g) DAEIC—F L. |G
DIIENTTZ %6

Lagrange QEMDMINIAT LS D L7272 0H, FihlRIED |G| oFBUZDO W
TR IDZ L EZRLTWB DA, KD Sylow DEHTH %,

IR 4.1.5 (Sylow). BIREE G DA |G| BEEpIC &> TG =p'm e RINT
WTpmiFAEWCETHI LT3, 2O E, GREINEp O E &L, Z
DEDEEE G D p-Sylow BBAEE L WS, G DIEED DD p-Sylow B EHI AW
AR B0 FIEDS p DEFITTR B ERDEEE D B p-Sylow HimBEICE EN 5,

Sylow OEHIIAREE 2> TV B EFESLY A MR OAFAMN Z TR I TV S
X372 DT, FEASREEHEIEICOWTHI D 72 0WHIGEY 2 BESLYT A V2 RO
TSEIZLTWEEERN,

ROAEZ A > %27 b Lie BEOMA TR D AE OIS Z 503 % & ZIHIHT %,

iRl 4.1.6. B G OHNITZ e TR, (EED g € G ¢? = e 27T 72 513,
GlZ Abel BEIC72 5, T HIZEDEREELZOIE. GlEZ DWW L 22D EIZFEANC
7%,

SEER EED g€ GIZOoWT g2 = e DD ILDODT, g=g ' DBRHIIDOZ L
WKHERLTEL, FED 2,y e GITHLT

vy =(zy) =yl =yx

D, GIE Abel B#TH 5,

R G DEBTEEDH| A1, Ao, ... ZWERT 2, G HHATTUSN DT Z R 27200
X Zy DOMEDHEE 72T, G\{ed #0751E, a, € G\{e} ZED. A = (a) &
T2, G\A =045 G=A, X Zy DD, G\A # D72 51F, ax € G\ A,
B, Ay =Alay) T 5, MiHA11ED Ay 2 7o X Zy DD LD, G\Ay =0
BOER, G = Ay XLy X Ly HIED D, G\Ay # 072513, a3 € G\A, 2L D,
Ag = Aylaz) ¥ 55, Wi 411 XD Ay = (Zy)3 DD LD, Z DIEERT %
Y. GOERBOL 213, H2EREDBFEL TG = Ay = (Zo)F S 310,

EE 4.1.7. GOV ERTH DD, BELSEE 254
GxG—G; (g,h) — gh, G—)G;gr—>g_1
DA B e X, G 2B VWS,
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fERE 4.1.8. HIENAEE G OBERUEIRE 7T G O E £ 5,
SEBB A% G ORERUEREI DR T 5, ac ARIERICE 5,
fo: G =G g»—>gag’1

WKEoTf, ZED D, [ FEGEEMBRICH S, ABGOERRDTHTHL L X
D, fu(G) CADERD LD, f,(G)FEETHD, AFBERNRDT, f.(G)1&—
RIZRBD, fule) =all—HT 5, 32bb, FEDge GITMNLTgag! =ab
DD, TNED, aldGOHFDICEER, AXGOHRMIEENS,

% 4.1.9. #HEENAHEE G 2 AR G NOWEBMERIESR 7. G — G ITH LT,
7 D ker m X G DHIINZE I B BERGR 7R I2 72 5,

SERR  HERIFUEAR 1 DK ker m 1X G DIEBRE BT 2, X 512 7 3B E S
DT, ker m DAANIEESINC B, DF D, ker m 18 AE A AHEE D BEEE B4
BTHs, LEDoT, MiEA418 D, kerm X GOHDNCEEN S,

% 4.1.10. HEOMAERE G 2 ERBUCT 2 MAAHBE OB R ESR Y G OF LD
BRI, WEEAEROLEMNIEXEZ Z 2L D —/—Iiciibd 5, &
5T, G DA Lie HOGE. G ZERBUCT % Lie HFOMEERMNERE G D
HFUDOBEBER D REE, BRI BB OZLERNIESI® 2 Z 22k D —XF—iZxdit
35,

SEBA 3419 XD, GEREFRBICT 2 HEERUELROKIL G OFDICEEH
ZHEBER RS2 B0 WIS G DHFINCE EN B BEREE D RE Z 12 LT, Z1EG D
ERESHCE D, G — G/Z MO WEERR GBI 5, X512, ZOH
BRERAEGROKII Z TH 5,

G VRS Lie DG, G OFUNCEFN S BERGE DR Z T LT, G — G/Z
1 Lie BEOWEMERIRIEARICIR D2 Z S FRDBED IO e 3bh 5,

4.2 AYINY kLieE¥

ZOHITIEa 7 b LieBflda > -2 b Riemann MFRZERICI2 5 Z 2 R L.
ZDRARW I E 2 i3 %,

BRTREIZT 2D Lie BEOWMITLZ NI X B2 EHROMEZRLTE L,
fHRE 4.2.1. G Z Lie Bt L

p:GxG— Gy (v,y) — oy,

LG =Gt

WEoTGOEPOLEEDEEMS e WIS H2E%R  Z2ED D, GDHL
TZ e TRL, g=T.G 35, pk 1 DWREBIIRDOENRZHMT-T,

ey (X, Y) =X +Y, di(X)=-X (XY €y).
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EEBA G OflifR cx, oy &
d

ex(O)=e gox)] =X o@=e Gol) =Y
il XoI12t %, MG BROMEELD
dpe,e) (X, Y) = dpie,e) (X, 0) + dpie.) (0,Y)
= ulex0.0)| + Gl )|
:%qthh%ﬂﬂm:X+Y

DD ILD, KT ex(t)i(ex(t) = ex(t)ex(t) ' =eZt=0THMH T2 &

0= %mc)((t),L(cX(t)))

= dpe,e) (X, die(X)) = X + die(X)

t=0
LI BDT, di(X) = —X B D LD,
EH1.44 X b a>,8r b Lie BRI HIAZ Riemann I &3 FET 5, 25

12, HiEa %7 b Lie BRI Z Riemann 5T &EICBI L CTa > »¢2 b Riemann
WFRZERNCH 2 Z 8 B RTRT,

IR 4.2.2. #HiEa > %7 b Lie BRIEMHIAZ Riemann FEICBAL Ta > 87 b+
Riemann XFRZEEIZ2 D, SONFMIRDEXTEE %,

sg(x) =92 g (9,2 €@).

FEB G ZEfia > %7 b Liefife L. GOHAITTZ e TRT, g=T.G B
o X9, il 4.2.1 TEDT D G OMIIAZ Riemann 5 &EICEH L THERZEWT
HBIEYRT, EED g,z e GIZHLT

vo Ly(w) = (g2) = a7 = Ry 0 u(a)

ERBDT, toLy,=RyotDBMDID, EED X € giZDOWNT

dig((dLg)e(X)) = d(10 Ly)e(X) = d(Ry 0 1)e(X) = (dRy)e(dee (X))

= —(dRy)c(X)
AN
dig(X) = —(dRy)e 0 (dLy). " (X) (X € T,G)

DD LD, £oTl v G — GRMIFRREB/RTH D, BFROMIEHRIIFERATIR
FERPIERICIZ 2 DT, 13 G OHIIAZE Riemann 51HERICE U THFEREIRITR S,
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FHATT e ZEE L. e 2@ 5 RO M = 2 ¥iA X123 2 DT, eld . OMZEIE
RIS FToy =1 DD LD, THE XD, 1d e BT 2 RN OBERMIC 7
%, g € GITBIT % N ERIE LQOLoLgl"G@%o LgOLOL;1<g) = g D3RV AL
B gld Lyoro L' DINZIEERICTIZ B0 E HIT, (LgoroL,")? = Lyor’o Lt = 1g
£7%%DT, GIEMHIAZ Riemann sHEICBI LT Lyovo L & g 1B % 5ixt
FrE 3 % Riemann MMZERICR 5, © € GIINLT

Lyovo L (z) = Ly((g7'x) ™) = ga'yg
DD ILDD T, sy(x) =gz g TH b,
IR 4.2.3. a2 %7 b Lie BEOEAEETIZZ L TH

se(x)=g27'g (9,2 € Q)

W Ko TR s, ZED 5 &, Riemann M2 DEFRDOEFGELS OZM 2§
N7z 3T DT, a7 b Lie BIZIR o THEHA TIE R WA TS Riemann HFR
ER Y LTS, 72720, EEMEE M - TE2N TV S Riemann XFRZER O HE
2O & BREBTFEDIMLETDH 5,

7o 2R TR 3.22 TibR s, (y) = y DD LD 5 s, (x) = 2 DI D LD
WS FIROFEFIZIE, a7 b Riemann MFRZEEDEAETH 2 Z & 2 fH>TW
%, HAE LIRS VWa Y k7 b LieBEOBEEIE. E TR L 51Ts,(y) = 2y~ '
WEoTRUMEED D DT, s,(y) =y DD OB OX ey o=y 25, W
PO yr P 2T B v =y ly 872D s (x) = a BRD LD &b 5,
L7eDso T, B IIR S 20 a > 327 b Lie BHOBATD. s.(y) = y 2K D L
DX s, (z) = x DI D LD,

EIE 4.2.2 OREIEFADOEIER G x G OXNENHCRBEER o %

0:GxG—GxG; (91,92) = (92,91)

&:J:OT%@%O
F(o,GxG)={(9,9) | g € G}

D DIIE, 2T G L Lieffe LTHRETH 5, FHTEFICR S, ZhE AG
EEFELZLITT B, T58. (GxGAG)Fa > 7 b Riemann XX 5,
FoTEH257LD (G xG)/AGIZIE G x G DIEADRFERINIZZ % Riemann #f
BATHEL. 2 (51, 0)AC € (G x G)/AC DERE

8(91792)((I17x2)AG) = (91,92)0((91,92)_1(951,902))AG
WEoTEDD ., (G xG)/AG X Riemann XI2EENICR 5, T 2T,

Q: (G xG)/AG = G5 (¢1,92)AG = G (91,92)A — 9192_1
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KXo TEB/B O ZED D, O3 well-defined TH D ZEDBbHh 5, 5T, OIEM
DRAMEBRTH S, G xGlEG I

(gl7g2>‘r = glxggl (gl7g27x € G)
I & o T Lie BBty U CHERRINCERT 2, G DHEAITT e 12D\ T
(G xG)e={(g1,92) €EG x G| gieg;' = e} = AG

DD LD, G x G OIEANEFERNICZ S (G x G)/AG ® Riemann Gt &IE @ 12
& o T G OMAIAZ Riemann FHBICHIET %, (G x G)/AG DFEXHFE ¢ I2XK -
TGRETL

sg(z) =g27'g (9,2 € @)

ERBIEDDD S,

AR 4.2.4. EH 258 DIEHEHBOFD L EH 4.2.2 DBIFEFH OB X b, EE
2287 b Lie BHICBWTHNITTOEN Y MVEME ZOD Lie B F—H T 5 &,
exp = Exp B DD Z e b b, RS, —REBET B BAT R AR E T 5
HIHIFRIFEIC b DIz 5,

HiEa %7 b Lie BN TEHEBRICE L THAR N —F7 22K ,—5X L
MR, EF 258 IO ROEHPEL Z LN TE B,

TIE 4.2.5. G2HEtEa s %7 b Liefte 3%, TEGOMKRKFN—5R T3k,
R D LD,

G = U gTg™ "
geG
Bl 4.2.6. U(n) iITBWT
21
T = 5 eU1) (1<j<n)
Zn

BFHEA N —F Rk, EH425 kD

Un)= |J oTg

g€eU(n)

DD LD, ZHUFZ=Z VIFHIB =X VITHNC & > THHALABETH 2 2 &
AR B 780,

T U)ICBW TS LTOMARTH S Z e 2N TRT, 2 € U(n)
BT OITRTOILE R TH D EIRET %, 2O E, {Z}UT DIEEDITITA W
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WHNC 2 2, LIz T, 2=k ViTFNC &k o TR ALATRETH
%, Thhbb, H5ILge Uln) BFEEL T,

g{zyuT)g ' cT

MDD, gTg ' CT XD gTg ' =THERDIILB, gzg' € T = ¢gTg™' %15
50 £o T, 2€T &b, TORHFEREE L TOMKMED DD 5,

Bl 4.2.7. %7 b Lie Bt G DHEANIIC e 1ICRH T 2 Ml

F(se,G)={9€G|slg) =gt ={9€CG|g =¢}

DEHIER T TH 5, B, GHERELRSIE, GOMAKr—F2T%R22%k, G
DIEEDTTE gtg™ (g€ G, teT) &t 5,

(gtg™')* = gtg 'gtg™' = gt’q "

LRBDT, (gtg ) = e DBBEHHEII 2 = e TH B, LIdioT,

{geGlg=et=JolteT | =e}g"

geG
DD ND, Tbb, GOEEORMII 2 =e 22T T DILtIZ X > T
{gtg™" | g € G}

LEED, —RIZE— TR

2 Lie ff & L CRALZ DT,
{(z1,-. ., 20) €U | (21, .., 20)* = €}
ZRDTHL,
(21, oy 2n)" = (27, .-, %)
&b, LORER
{£1}" = {£1} x -+ x {£1}
W—HT 5, G=U(n) DHEIEF. T

€1
A, = €1,...,6, = *1

W—®35 5,
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8 4.2.8. GZa > %7 b Lieff e L, MHIAZ Riemann fH &% A L T Riemann
WFRZER & AT, G DHAITTE e TRT, 2,y € GIZOWTLIRDED LD,

(1) se(z) = x DREFFEMIT 2> =e TH 2,
(2) 22 =y = e BEDILDE X, s5,(y) =y DRBEFDFEMEZ vy = yx TH %,

EEBH (1) se(z)=a ' K Dbh s,
(2) spo(y) =y le &V s,(y) =ylday e =y EAMETHD, B2y =
yr P L[AMETH 5, mBEOEFEXNIF vy =yr LAETD 5,

fiRE 4.2.9. G2 a7 b Liefte L. MHIFAZ Riemann it &% & A LT Riemann
WFP2EE & 72T, G DHAITLZ e TRI, AZGOMAMNEESTHD, e &
DrIaY. AXGOEDEINTRD Zy X - X Ly L[AANCIZ B,

SEFA Al e 2 BTLDT. FEDz € AIZDOWVWT

ERD, 2?2 =eDWDID, THRMERED 2,y € AITDWVWT s, (y) =y DD LD
DT, 428 &V zy=yx DD ILD, EFED 2 € AIZDONWT

s.(zy) = z(xy) 2 = 2y ey = sywr = Yyt = yr = ay

72D T, AU {oy} INEEESICR S, ADMARMELD 2y € ADED LD,
FoTaye Ak, ARGOHIHTDH S, AFHKR Abel 272D, AD%E
TEONENL 2L R DT, @416 XD Zy x --- x Zy E[AENTIZ 5,

EF 4.2.10. ffi# 4.2.9 DI R 2 BAT IR EE & FR, RNEIERES D5 AKX
X EEER DB & PP

2% b Lie OGS I EBHRABEINC X D, ARSI TE &
PEIICTEXRDT, MNP ORICE 2, Lo T, MANEERDEED AFELEK
DIRIZT 5,

AR 4.2.11. 2287 | Lie HOMIKNEEDHEDS Zy DWW D OFHIC[F RN 72
% WD il 4.2.9 DLETOFERIE, BIR Abel HEOHEAEE (BIR Abel #HI3K[H]
HOWL O ORIZER) ZFRHAL TV, HINEZXADT A 77 T 4.1.6
A3 AHICERE Uz,

L7THICED RS EZZDEEMS ZITT 5,

Bl 4.2.12. Ug(n) OMKNHEETHZRD 5, A % Uk(n) OMASHETHE L
%o, ADFICIF2HT 5 L HNfTHNC/2 2 DT, BEHMEIE £1 DA TH S, X5
AZAHEIZ DT, Ug(n) DIEIZ K 2 AR AILATRETH D, MAMTIE £1 DAT
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Db, DFD. D5 geUg(n) BFIELTgAg™ C A, DI DILD, A, IFFFEEER
DRI D DT, ADKMELD

gAg~' = A,

2155, DFD. Ug(n) OWASEEE D EEE A, 1ITHZITR 2, Ko T, MR
ERAEEI AP BT D R o T WD, TN ED, #.Uk(n) = 2" B DIID, &
WHEZ 5. A ZO(n),U(n) ORI THETH D, KB EHICH R - T
Wh, EBIT #:,0(n) = #:,U(n) = 2" B 7D,

il 4.2.13. Ux(n) OFMIZ 50023 572012, BAITTI B % mONFRO[EE 5
KEZRD D, F(sy,,Ux(n)) DEEDITTO 2 FIFHAATHITH D, ZOEEHEIZK
+1 DAZRDT,
F(s1,,Ug(n)) = | gAng™
g€Uk(n)

DD LD, TDHEAEBARINCER T 27 DICEEERHEM L THL, 1<i,j<n
D £ g Rl E 1L, D (4,9) WD (J,)) Koz 0 ICESIZ. (i,)) Kok
(j,9) % LICE SR 7ATH% E;; € Ux(n) TRI L E! = E; DD L5,

€1
. —1
Eij T Eij
€n

e & e BANLZ 72D DTS, 0<i<niZDNT

€T; =
1n7i

M; = {gzig~" | g € Ux(n)}

WEoTMEZEDS, M;DPEFETHZ %2 K=C,ROEZNZNDGEITRT,
K = CO%E. U(n) DD & M 3HENITR 5, K=RDHAE, det(zy) = —1
BDT, O(n) = SO(n) Uz, SO(n) IEEFERL A ND DRI D, X HIT, pzay’ =
x; DD DD T,

M; = {gzig~" | g€ O(n)} = {gzig™" | g € SO(n)}

2195, RIS, MI3EETDH 2 Z e hibd 5,
AN M Z -1 DD i TH B A, DICOEIRITIZD, B ITX2HRITE-T
ENBHREDES, LEdoT,

EBWVT

n

F(s1,,Uk(n)) = M;

1=0
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DI D D, M \XEHE —1 OEEED i TEGME +1 OEEED n—i DITFID 2K
2725 DT, i & jBRZIUT MNM; = 0D LD, DF D, LD M, OFIFHEN
WREMTH2, UELD, &M IZUR) OWTH 2, My = {1,}, M, = {-1,}
LD, ThHIEMTH S, 1 <i<n—1INT 2 M, Z#HX25,

Uk (n)z, = {g € Ux(n) | gzig™" = 2} = {g € Ux(n) | g = migz; '}
Z Z T,
o;: Uk(n) = Uk(n) ; g — xigxi_l

WCEoTo ZEDD L, i=0,nANDEEIT 0, 1 Ug(n) ONERTH CFRR B
W25, EHITUk(n) DI g Z ifT. iHETE ZRLED 7 v v 712535 T

g= [911 912]
921 g22
ERRT B L

oilg) = -1 g1 gi2| |— 1L _ |9~
’ Ln—i| {921 922 In—i —g21  G22

753\’& b joo L%:Z?)S\O T\

_Jlgun O
UK(n)xi B { [ 0 922]

218%. % Ug(i) xUg(n—i) £ FH Lo ZAUIHERITR D, B2 (Uk(n), U (i) x
Uk(n —1)) &3 >,%27 b Riemann SO D, M; & Uk (n) /U (i) x Uk(n — i)
W BN 5,

M; DFER R BERE 52 TH L. M, DEITIEHE -1 OEEED i THEAE
E1 OEEED n—i DER (=& V) {THZDT, —1 OEFZE-MZMNESES Z
T, M IER™(C") ND i« Kot (B3R) Bhn 22, 37xbb, E (#H3E)Grassmann
ZRRRD TR T %,

B 4.2.14. U(n) I X 200 R 2= OH 22 TE L,

g € Uk(i) }

g22 c UK<H — Z)

o:U(m) xU(n) = U(n)xU(n); (g1,92) = (92, 91)
WZEoTU(n) xUn) ONEHNECREE R ZED %,
F(o,U(n) x U(n)) = AU(n) :={(g,9) | g € U(n)}

D DILD, ZHED, (U(n) xU(n), AU(n)) &3 > %2 b Riemann SFRT &
%, o DHNITTIZBIT 2 MO BRI

do,1,)( X1, X2) = (X5, X1) (X1, X3 € u(n))



4.3. TR OPEERTIE B 57
Y785 dog, ., D +1 EHZEHE

Au(n) = {(X, X) [ X cu(n)}, m={(X,-X)[X cu(n)}
TH %0 Adymyxvm (AU (1)) D m ANOIEMIZ

Adymyxum) (9, 9)(X, =X) = (Adu()(9) X, —Adym) (9)X) (X € u(n))

LitibTE %,
u(n) - m; X — (X, -X)

& D\ u(n) Em %lﬁ‘l_‘*ﬁ‘j—% iR AdU(n)xU(n)(AU(n)) D m“\0)ﬁ§}5ﬁ X U(n) D
u(n) ~OREFEAEFI AL 720, 2 2T, BURTIE Un) OBEFEERNIc oW TE
Z 5
yi =V —1z; (0<i<n)
B,y e uln) BED D, X512
Ni = Ady@)(U(n))y; C u(n)
Bl
Ny 2 M, = Un)/U®) x Uln — i)

DD H, THHIENIR R ZEMTH S, OF D, 3R Grassmann ZHRIKIIHFR
R %FEﬁVC\\ @ 5 o

4.3 BERBOREBEREER

Z DI T T RIS OBBHERIRI GBS 28 LT MONBER 0 D 28321k
LARWZ 2R, ZOHDHNFIZIZIX Tanaka-T.[13] IZ/E > TV 5,

8 4.3.1. G,G' ka7 b Lie#te L. 7: G — G ZE BB OWFERER T
e 35, A% G OXMPEHAHE T2, GO ADBELEL TRD
Mzl 5,
(1) AlEa1(A4) D 2-Sylow EiTHETH D, 71 (A) = Akerm 22D |A] = |4'| &
723
(2) m D ANDHIRIZ A2 S A NORBIEHIC S,
SERR IR ERA B DT, ker w1 G DB R ARIC R B, Glda
YRT PRDT, kerm IFBARFAITHTD 5, 5T, ke l& 7 DREUT—HL

BRHTH B, |7 H(A)| = |4 |kern| DI D LD, [A]IE2DEHETHD, |kern| i
BT D2, Sylow DEH (EH 4.1.5) XD 7 1(A") D 2-Sylow HHE A DIFIEL
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TIA| = |A| DY ILD, G OHAITLE e TRT, £4.1.4 XD, ADTTOMEIZ
2DFEIWTZD, kerm DILDMEUIFEILD T, Ankerm = {e} DD IO, L7
MoT, 411 LD Akerm DITIE A DITE ker 7 DITDFEIC—EANIEK S A,

|Aker 7| = |A] - | ker 7| = |A] - | ker 71| = |77 (A)]

DD LD, Akerm C w1 (A)IRDT, Akerm =71 (A) 725, Ankerm = {e}
ED. T DANDHIBR 7|4 : A —» G IEHEFITIHR B, AC o (A)THDY rld2
W2ho, w(A) C n(nH(A)) = A DD LD, m D ANDHIRIZEL 72D T,
im(A)| = |A| = |4 2155, THhED. n(A)=A &R&D, 7|a: A= A ZREE
Bz s, AZG OB RO T, AlXG OXPEERDBICR 5,

EIE 4.3.2. GG Zar,y b LieBEY L. 1:G — G BB OB HER A
Y35, GG OBAGEFERS 2 202N Gy, G) TR,

(1) A% G OMBERABER 513, 7(A) 13 G ONBERDIBETD 2. A DG O
KATEEER T HE72 H1F. m(A) 13 G OMUKNEEEE DT D %, G DOMKTHEED
TREAL Ay DHERIZ 51X, G ORI R 7(A) & 7(Ay) 13T
Bb, GOWMANPEERDHEE AL & Ay D5 G FetX 72 512, G ORI HEE 7
T(A) & 7(As) & G T H B,

(2) A% G ORBERATES 12, G ONPRSTE ANEELTrla: A A
RS B, A' S G OBAHEERES 513, G ORISR A
BIEE LTl : A — A EAAIBRIC R 3. G ORAHBERATE AL v A,
AHER R 51, KIET 5 G ORAMBIIAEE A, & A, 3 TH B, GO
HABEEIRSY Go A kerm 2 BT L 213, G ORIHBEENEE AL v AL 235G
172 515, WIS 2 G ORIKBRRARE A, & Ay 13 Go R TH 5.,

SEER (1) AD3G OXPEER B2 51X, A DTEDONBUI 2L R TH S, £oT
T(A) DITTDOMED 2 LTI D, 71(A) 13 G ORI THTDH 5,

A DG DRABIER DR 513, TTWWORLAEZE & 7(A) & G OXBERY
HTH2, 1(A) DG ODMAMBRDIBETH 2 Z L BRTDIC, n(A)Cc B C G
Bl SBEROREB B b, Mi43.1 XD, G ONBEHROHEE B BTFEL T,
Bldn Y(B') @ 2-Sylow i HETH D, 7 (B') = Bkerm 25 D 7D, 7(A) C B
EbhAcCrHn(A) Ccai(B) %%, ADNEBIL2 DFELD T, Sylow DEH
(EH415) kD DB gecrm Y(B)PFHELTgAg™ C BHEDIID, AZG D
MR HRFR D RE 2 DT gAg™ b G DR DR TH D, gAg~t = BOED
D, TRH D, w(A) C B =7n(B) =n(gAg™t) =7(g)n(A)m(g)"t &7& b, Z
NEDITTDEBHBE LN 25 1(A) = B' B DD, Lzh->T, n(A) X G
DMK EER D EET D 2

G DRERNTHEER D BE Ay & Ay DIHAER BIR, 2 g€ GPFEL T Ay = gA1g7!
MDD, 7 ZIEHEE 2 & 71(Ay) = m(gAig7Y) = n(g)m(A)w(g)~ &7 D,
(A1) & 7(A) 13 G DERIZMINPEEE TR TH 2 Z e h3bhr b,
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Ne)

G OMRNBEAR D HE A1 & Ay D3 G XL B, D g e GoBHFIELT Ay =
gAL g E DR D LD, m BEAEE S L 1(Ay) = n(gAig™Y) = w(g)m(A)w(g) L &
7D, w(g) € m(Go) C Gy 72D T, G DWAMHEERHE (A1) & 7(A2) 1 G %
THHZ bbb,

(2) A DG OXPEE T FE R O, Wi 4.3.1 XD, G ONPEER DB A HIETEL
Trla: A— ARBRBERIZKE S,

X HIT A DG DRARMPEER D EER HI1E. 2D G OXPEETHE A D MRAN BEER
DECIR D BRT, TDRDICAC BCG RTINSO HEBE L %, B
DAL 2 DETH Y. kerm DENIFT LD T, BNkerm = {e} A D LD,
FoT, 1O BADHR 7|5 : B— G IHEFNTHR S, THED, 7|p: B— 7(B)
FRBIERIC 5, FIZT(B) 13 G OB HETH 5, A =7(A) C 7(B) TH
D A OMRMEX D 7(A) = n(B) S YD, mld BIZBWTHHLDT, A=B
DD ILD, L7edioT, AlZG OMAMBETHTH 5,

G DRARGIHER D HE AL & A 3% old. D2y € G BFEL. A =
GA(G) RO ILD, T HIT. G DMAHIFEER 7 BE A1 & Ay DIFIEL T o7y, -
A= AL (i =1,2) BABEBRIZIR S, 7(g) =9 2T ge G L %,

A =7 (g Ag) ) = {r e G| n(x) € g AL() T}
={zeG[(¢) 'n(x)d € A} ={r e G|n(g " xg) € A7}
={reG|glagen (A} ={reGlregr(A)g "}
=g H(ADg™

i, (AL = g H(ADg Tt BG5S, A lE n(A)) D 2-Sylow EREEIR DT,
gA1g T E g (A g™ = 771 (AL) D 2-Sylow B EE T H 5, Ay b (AL D 2-
Sylow BRI HE/L DT, Sylow DEM (EH4.1.5) KD gA1g7' & Ay id 7 1(4)) DI
R DB, A & A3 G OITIc X b BT B,

THIT. GoDkert Z BV ERET %, G DMK 7EE AL & A, A3 G 3
B olE, LOEICBWT g € G TE 3, EH7(g) = ¢ ZHied gl
gEGYLTEZZ%IRT, G OHATLL ¢ ZHIMIREEZ L 5. ZOHIFRIE G|

CEEND, ZOHIRD GADFRD LT 2GR G DBRAITICRS X512k %,

T2 Z0RBLEFIIG CEENDE, 22T, ZOFL LIFOKREZ gL T 2L
(g) =g & geGyDWMDILD, fifd4.3.1 XD, 7 1(A) = Ay ker m 3K D 32D,
gA1gTt 8 A lE (AL DTRIC K D HEBRICREZDT, HBaec Ay & 2z €kerm i
EoTazgAig(az)™t = Ay DR D LD, ZHNED, 2gA1g7 27 =a 1 Aa = Ay
E7%, (REED z€kerm C Go 725 2g € Go &8N, Ay & Ay 13 Gy DT TH:
RITH %,
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4.4 =XV BEOEEOEAX RS EED I

2=V OB OIS 2 T2 2 e, ZOHOHNTH S, Z
DHEIDIZ L A ¥ DRI Tanaka-T.[11] IZfE->TW 3, T2 =X BHOEANH
JHZ WL DOHhFARTEL,

i 4.4.1. 2=XVEU(n) OHFNE {21, | 2 € U(1)} 1272 %,
RORE 4.4.2. i 4.4.1 2B X,

pEEBREE L. Z, = {21, | #* = 1,2 € U(1)} £BL, Un) OFE#EEH 2 H
PRIk oTU M) /2, b TE %, BARRGEZ 1, : U(n) — U(n)/Z,, TH
Fo m, BHEERBIERICR S, 0% 1 OFB2u FIRE T2 &,

kerm, = {0*"1, | m € Z} = (0°)1, = Z,

MDD, O = -1 DD IDZ EIZHFERELTEL,

U(n)/Z,, ORKIEE D RED nBRER 25l 3 5 72912, 52 %ML TH <,
191 A = (a;j) & BDT >V VE%
CLllB s aqu
A® B = :

CLplB tee aqu

WEoTED D, ZZTEFLIBH LW, T80T > Y AEIZOWTIE, 72
& ZAE Zhan[14] ICEARNRMEEOHIEH %, ZOHEFRTHHST 217507 >V
NEDOMWEIE, TT [14] THRDHOATWV S,

IR 4.4.3. BYIRREDD & T, 174 A, B,C, DI LTITAofE Y 7 > YV LiE
W 2 RDEXDRD LD Z & ZEEIAYE X,

(A® B)(C ® D) = (AC) ® (BD).

~1 —1 1
I = 0, s= | ,A&zo ,
0 1 1 0 10

D[4] == {:l:lz,:i:[l,:tjl,j:[(l} C 0(2)

WEoTEDD, DAIXOQ2) DEZBETH D, R? D EEIEHH & SFATRAEF55 5
FEHMNFROIESTERROFRERO 2R TH 2, BRI % 2 DHE 28 L A
LOFE2Y TR, 0<s <kIIHLTsMED DA & A, jp: DT ¥V INFR%E

D(s,n) = D[4] ® --- @ D[4] ® Ay /25
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={d® - ®d;®dy | d; € D[4] (1 <i<5),dy € Ay} C O(n)
TET,
(@ ®@d;@d)(d) @ ®@d,®d)) =did) @ - @ dyd, @ dod},
DD IO e H S, D(s,n)id O(n) OEHBETH 2 2 L 23bh 3,
FIRE 4.4.4. D(2,4) % 4 XIEA1THI T AR IR X,

DEo#fEod &, Un) ORRE QMR B DO 0 RIERDOEED & 5125
BTE D,

EH 4.4.5. p Zz BAREL 0% 1 DJEE 20 FIRE T2, U(n)/Z,, ORERIHHEER 2B
WERDNWTNITHIZTDH 5,

(1) n 70 pu BEFROBA,
T ({1,6}D(0,n)) = m, ({1, 03A,.).

BHE ({1, 03 A0) 13 U(n) /2, D HA% B THE— A o0 A0 BiEER 5 B
‘(‘\% é o

(2) n 2D uHMEEDOBA.
m({1,0}D(s,n)) (0 <s<k).
72720, (s,n) = (k—1,25) DBEERRL,
AR 4.4.6. UEME/KRA, C D4 &0,
D(k—1,2")=Dl4|®@---®@ D[4 ® Ay C D[4] ® --- ® D[4] ® D[4] = D(k, 2¥)

DD ILDDT, D(k —1,2%) 3R TITR V. Ko T, (s,n) = (k—1,2%) 0
E3Rr N5,

G A% U(n)/Z, DRI DR L. B=m,'(A) £B<,
78 4.4.7. 0B = B3 D D,

BEBA 071, € kerm, 72D T, m,(01,) 3 U(n)/Z, DXNERZILTH D, FulZ
BEND, ToT. Alm,(01,)) 13 A ZE LG RICR 5, A DKL D
A= Alr,(01,)) £72 D, m,(01,) € ADED LD, L7dioT, 01, € B,
B = B %15 %,

R 4.4.8. ADTTIEU(n)/Z, CBVT (A, UIA,) DL EETHZ, X5
B A 5%, AZUM)/Z, 2BV T (A, UA,) e HETH %,
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Bl ce B35 m(c) € AXD m(0)21ZU(n)/Z, DEAIICITIR S DT,
DB GEL,PFUELT =0 b, THED. DIBEHKEITHLT o =0%1,
THbd, cMAT 2170w T2, ucut = dIIMNATINCR S, Ko T

d? = uctu™ = upu~' = ¢ = 6°*1,,

b, TNED dOMANITIEL0F TH B, EBMEBOL ZIZIEHB T A, I
LT r,(d) = m,(I) kDBFBOL EWXWEHZ 1 € A, THLTr,(d) = 7,00
DR DD, Lo Tmy(e) € AZUN)/Z, DTG, (u) XD (A, UIA,) D
e TH B,

B 3 A[#72 51X B O3 R TOITIIFRIFFNALAIRETH %, TDE. DD uc
Un) BFEELTAZ 1,(u) 12D 1,(A, UIA,) DHEDEE L HKTHZ, L
RoT, ELHLBH ACT,(A,UIA,) EIRELTEV, m,(A, UOA,) IEXTHEE
BTHEIPH ADMAELD A=m,(A, UOA,) DILT 5,

8 4.4.9. BOILa, b2 L Tab=ba £/2F ab= —ba DK D 7D,

BEEA a,b € B &b my(a), m(b) € ATEH S mu(a)ma(b) = mu(b)mn(a)y FTHDD
mu(ab) = ma(ba) €785, Ko THB ¢ € Z, FFEL T ab = ¢pba DD LD, T
nkhy

b = (a '¢ba)® = a 'gbaa 'pba = ¢*a " 'b?a = $*b?

Y7B, CITOBEUORNUM)/Z, DFHLDTTH B2 2 2V, Lido
T¢?=1,Tod==+1, &% 3,

i 4.4.10. a,b,c 2’ B DILT ab = —ba Ziii7= 572 61X, ¢, ac,be,abc D5 H ¥
NH12FadbdAATH S,

SERA M 4.4.9 XD ac = £ca,bc = £cb TH %, ac =caPDbc=cb D& X
WFeda,b 2 RHETH 5, ac = ca D bc= —cbD¥ T

(ac)a = a(ca) = alac),
(ac)b = a(cb) = a(—bc) = (—ab)c = (ba)c = b(ac)

EDachHa,b e[ TH B, ac= —ca DD bc=chbD¥ ZiTlX

(bc)a = b(ca) = b(—ac) = (—ba)c = (ab)c = a(be),
(be)b = b(cb) = b(bc)

EDbea bR TH B, ac= —ca DD bc= —cbD¥ ZiTlX

(abc)a = (ab)(ca) = (ab)(—ac) = a(—ba)c = a(ab)c = a(abe),
(abc)b = (ab)(cb) = (ab)(—bc) = (—ab)(bc) = (ba)(bc) = b(abe)

XD abcha,b L AHATH 5,
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WRE 4.4.11. BDICa,b I LT ab = —ba 72 5I1XRD (i) 25 (iv) B D LD,
(i) Tr(a) = Tr(b) = 0.
(ii) n I HMEBTH %, (n=2n £HBK)

(ili) a & bI1FU(n) IZBWT, 2N {1,0,0% ... 0> 1}, OTCITHKETH %,
7]::7,5 L\ [n/ = Il & 1n’ VG‘Z’DZDO

(IV) 1% %) ,fl%%‘;’:kvc\\ % % o

BEER ab= —ba & D a= —bab™' 7ZH 5 Tr(a) = —Tr(bab™') = —Tr(a) &7 D,
L7z oTTr(a) =0 THb, FERICLTTr(b) =0 2K825DT (i) 27, filidE
448 XD, BT A RLTru(a)Em, (1) F720& 7, (00) 1ITHKRTH 5, BiIE
DHGE. 5 ¢ €L, MU Tald ol &HET Tr(a) = Tr(opl) 72205, i
0 CHIE ¢T(I) WKEFELWVWDTTr(I) = 0 %218 5, TIXMNARSTH +1 5 —1 OXf
AIFICH D, Te() =0 X DXAKTD +1 & —1 DEEIEFE LV, Ldi- T,
nXEBTHD n=20" 2B, T1X 1, 1ITHRITHEE, XoT, ak oL, ZIHE
2785, TRBHED. aldZ, 1, DL HKITI 5, BEDHEDRBIT T(I) =0
213 a & 90, 3HEZITKR D, T XD a3 2,01, DL HZITKR S, VT
NOHLGED alF {1,0,0%...,02 1, OILeFEBITR D, XoT (i) B &L (iii)
DALY B, i 4.4.9 DFEHTRZ X511 a,be BEHIEDHD ¢ € L, ITHLT
ab=gba &7 %, WEab=—-baBDTp=-1€2Z, XD pldfEE%%, o
T (iv) AL T %o
fiRE 4.4.12. BHOAMHATRWVWE Z2WE, BIZ DU U((n) OEnRte &R TH D,
AZ T, (D4 @ Un)) OF T HETH %,

SEER IRE XD a,b€ BTab#ba L7125 bDMBFEET 5, ZOL EffidH4.49 X
Dab= —ba THH, XHITHE44.11D (iii) £ D a,biZZHENA{1,0,02, ... 0% 1,
DL TH B, aldZDHB v ITONWTOL, LB THD, o =027l 1, &
HETH 5, MEH44.7ED o € BPHEDILD,

a'b=0*""Vab = —0*""Vba = —b0* Va = —bd'.

LIZOWTHFEBRDFEICE DY e BRED, oV = —Vd DRDIIE, VI, &
KBTI Z LS TES, Lo T, IS a,bldl, EHZETHZ L TK
VW, EB1Ca=1L, 2L TEW, ab=—-ba XD aba'=-bki3,

h— bll b12
b21 622

bll _b12
_b21 b22

LBl
LybI = [
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ERBDT, by = by = 0BIDID, EHWZHIE L, KPS =1, &

AN ,
b2 _ 0 b12 _ 612621 0
b21 0 0 b21b12

c]: b b12b21 - b21b12 = 1n’\ j-foch b21 — b;; iﬁ\ﬁi D joo J;{J:J: D

- 91 b1o
bl 0

Ztéo

0

u = [Un eU(n') x U(n)

0 ug

IRLT
ol uy 0] [=1w o] fud o] [-unteunt 0
" n 0 U929 0 1n’ 0 U2_21 - 0 U221n1U2_21
L
= w0 I,
0 1y

XD, UMW) x U) DI & 3 &N I, #EET 5. UMW) x U(n') DIEO
b NDHEZEI

ubuil _ U11 0 0 blg Ul_ll 0 _ 0 U11b12 ul_ll 0
0 wuxp| [bp O 0 Upy upby, 0 0 Uy

i —1
0 u11b12u22 ]

(ui1biougy )" 0

87350 %:T\ Ullzln/,UQQIblg tj_é Z\ bbiU(anU(Tl,) O)ﬁ:&:i’)f

0 1.
1, O

WHBRICR D, L7zdio T, Un) DIGIC & 3 HEEHT

-1 0
= 1n’ =1 1n’7
a 0 1 ® 1®
01
b= 1, = K 1,/
[1 0 & 1®

ELTEXW,
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2T, K) = D4 Z/RLTHL, 11, Ky € DA &Y (I}, K,) C D[] ASELD

—1 1 —1
0O 1|1 O 1 0

LD, J2 =1, ROT, DA C (I, K) Bbh 5, BEXD (I, K,) = D4 %
5%,
FofERERNHT 2 L

(a,b) = <Il,K1> ® 1n’ = D[4} ® 1n’

WO b, B 4410 EVEED c € BIZOWT, ¢ ac be,abc DWT I a,b
DT LA %, ZZ Ty a= Iy, b= K,y OWjJF LAk Un) DILO LK
ZRD B, Ly EABRRITTORRIZIU() x U(n') TH 5,

[Ul 0
u =

0 U2
IZOWT

Sl 91 A B O N

LIRBDT, ud K,y AU 3720 DR EEME. vy =u TH B, BLE
i)

eU(n') x U(n)

{ueUn)|ulda,brit} =1, U
D RVASH
4410 KD D% 2 € DA @ U(n') BFAEL T, zcld a,b DWJT & AR
%, IR LI LD ace 1L, QUMW) DD LD, Ko T

ccaz y,®U(n') C D4 @ U(n)

Y 7%%, LT, BC DA UMW) DR h. Al (DA @ UW)) D
DEETH B,

EE 4.4.13. flifE 4.4.12 OLETOFFHTIE. FiMEOER e ZoMEEZHMAHL T
W7z23, _EOREBIZERZRINATHOFHEZFHL 72D TH 5,

M EotiEz b L ICEMEIHT 5,

(1) n £720% pu PHFBOGE

B[ 5 Z 8 BT, fi4.4.9 X D BOAHETRITIUX, ab = —ba % i
725 a,be BBWFEL, O S 4411 X0 n 3BT 2, XoTndEH
KO BIEAIETH %, uFROL Flx, EH432 XD 7, : Un) - U(n)/Z,
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WA RS D REE ZZ VDT, Bld M (m(Ay)) = (0)A, 2RIk, R
I BRAMRTH %, Bl (O)A, 2B D, AlZ m((0)A,) = (A, UHA,)
R D, XD pPEFBDOLE, 0P =113, n=2m—1BL L,
=—0>" b,

T (0A,) = T (=07 A,) = Ta(AL)

DD LD, Lo Ty mu(A, UOA,) = 1o (A,) B D LD,

(2) n 2D pu BMERDOEGE. BYWHATH S 2 BHIEAITH % & 2125
FTEZ 2,

BOAMHRED L EZ, (1) DIFE LRI B {1,6,...,0%1YD(0,n) ¥ H&Tk
D, AEa(D(0,n)UOD(0,n)) &HFZITH 2,

B23JEA[#D & =X, EOMER LD BIE DA @ Un) OEmRE e 502k D,
Al m, (D[4 @ U(n')) OERDHEE Tk b, HERBDLWMHBZ LIk
D. B D4 U@) DWMABETHH, Aldr, (D42 UWN)) OFHEEL LT
FV, ot E, 4412 QAR L7 LS D[4 @ 1,y C BHED LD,

B'={yeU()|3dx e D[4 z®yc B}

YBLY. D@1y cBEbY 1, e B hd, B2 BI3ZETidRWV, ye B' 7
HIEHB e DA IINLTroye BAMRDIND, '@y '=(r®y)' € BT
HY, a7 e DA DBy € B THb, y,y2 € BHBIEDH 3 11,1, € D[4 I
LTz @y, 20 Q@ys € BOID LD 2129 @ y1y2 = (21 Qy1) - (22 ®y2) € B T
HY. r115 € DA DS y1ys € B THZ, YLEXD BIIUMW) DESHTH 5,
B DEDITEIDye BIINLTH2rc DAUDPFHELTrRy € BLkb,
' ®1ly € DA ® 1,y C BEND,

B> '®ly) @y =10y.
Zhkn 12®B,CBZ7219\
Di4®@ B = (D4 ®@1,)- (1, B")C B

MDD, HIZBDOTIE ey (r € DA,y e UN)) e RTZEDWTE, ye B
THB, koT. s@ycDA|®B L&D,

B=DM4®B

2185,

ye BIIMLTL®ye BEPL, m(1,®y) € ATHbS, £oT, m(la®
B)CAERD, m,(1,0B') b U(n)/Z, DIPEABEETH 5, UMW) 55 Un)/Z,
DERGHEZ my EEL LT 28, 7p(B) UMW) /Z, DXHEER D HET D
%, A =m,(B) B, AWZUMN)/Z, DBAMNBEEIRDIRC RS Z & 2R T,
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A C A 23U L, DRI EE A BFIET 3 L IRET %, B Cn, (A) D
D31 De D[4 @ 1,y DILE 1y @ - H(A') DICFAHUC 2 % DT,

(D] @ 7' (A')) = (D] © L) - (Lo © m,H (A'))

FU(n)/Z, DMBEHDTHTH 2, 51, THUIAZELDOT, ADMAMELD
ARR—HT 2, L7zbio T,

D@ ' (A)c B=Di4 e B

b, mMA)C B THbB, koT. n (A)=B kb, A=A%K82%, Z
kb, ARUW)/Z, DMK DEETDH 5,

WIS U(n'))Z,, ORRFHHER 8 C 12t LT C = m, (D[4 @7, (C)) A U(n)/Z,
DWARPER D EET D 5 2 L BT, kRO S C 2 U(n)/Z, OXHEER
DHTHZ TR bP 2, A% CEELU)/Z, DXL T 5,

Dl @ m,}(C) = m,'(C)  m, " (4)

YD, 4412 TRLEZE LD
Y (A) c DA @ U(n).
T HIT, ZOEBOIHDHTIFETRLIZZE XD
7Y (A)=D}4] ® B
M7= F Un') OMDEE BDEAE L, 70 (B) 13U (n') )2, OBKKBER DB 5,
D4 @7 (C) c m, (A) = D[4 ® B

Eb, m,00) Cc B%B %, my BIEHEE 2L C C my(B) &b, C OMAM
EDC=my(B)THY 7,/ (C) =B, BT A=CHEHID, LUEXD Clk
Un)/Z, DMARAEEETHTD %,

D EDOHIRZ S LICLTEHZER GG, TROB n,u bt bIEEROLE
2o n =281 DEIOWTIHINICEATZ 2, n = 2052 REFZ+0TH
%, ETRLEZ LSRR A, C DA X0, n(D(1,2) UOD(1,2)) 7213 A3Hk
STBEER T BE DI REK T B,

O(n) /Ly DR FEER T EED P FEFERIIRDEHTEZ 5N 5,

EIE 4.4.14. BB n &2 DF 2k L FEI OFE 28 - LIRS %0 O(n)/Zy DK
TPEER D BHIR DT IICHETH 5,

m(D(s,n)) (0<s<k).

772U, (s,n) = (k — 1,2%) D& R,
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EB5E MANWHES

5.1 EFEIZ/NT b Lie BEDOMBMDMAXIEER S

DI TCIIEA a7 b Lie BEoMitth » UTEH XN 5 3,327 b Riemann
RFRZEE DA BEEE & D 77 $H % Z DEifE a > %7 b Lie BEO AN BEE 2 #E D
D HEL FiEridR 25,

G ZEfia 7 b Liefte L. WHIRZ Riemann 5t &2 > TW0W5 &5 5,

k
F(se,G) = | M;
j=0
ZEAER I ND IR T Do My ={e} &5 5, & M; 322, z; € M; %
5k,
M; = {gz;97" | g € G}
MDD, TZETIEH4.2.7 TT TP > TV,

M; (j #0) DRMRKWPEERE DN EE X 5, A% M; DMAMEREG L T2 L.
AU{e} 13 G DRBIER IR 2, AU{e} 28T G ODMANHES A% L 5, AlZ
e B EUMAEIES IR D, fMiE4.29 XD G OB IRICHR 5, G DM
KPR T OO FEHTETNT, Z2DREILH

Bi,...,B

Yo TWEET 3, O E, AZH3 B, e HRICRBZDT, 5 ge GHE
TELTA=gBg ' DEDID, T3L

ANM; =gBig™' N M; = g(B;i N M;)g™*

DD LD, ANM; 1 A% ED M; OMPEESZDOT, AOWAMELD A= AnM,;
DD LD, Ledio T,

A = g(BZ N Mj)Q_l
D M RBWTARBNM tERICHES, MEOERID, M; OMAR
PR A O BFEHOREITOMEMIX

ByNM;, ..., BN M,
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TH2, TNOPIEIERGITRZ0E I PBKRT 2222k D, M; DAL
BEEEAS O BREO T ENME LN D,
CZETOEMDIERERDEHICE LD S,

T8 5.1.1. GzEtEa > %7 b Liefte L. WHIAZ Riemann st &2 EH > TV
5235,

F(se,G) = OMJ
7=0
ZHEAERTNDIRE L. My ={e} £F 5, & M; 2D,
M; ={gz;97" | g € G}
DS DALD, G DRARN IR 77 B D HALFHD S FH D RFKTTH
B,....B
Lo TWVd T3, T E. M; OMAMHESDEFRBEOREITTOMBEMIE
BiNMj,...,B;N M,
TH%,

FizdENT20,
BiNM;,....B,0 M,

& M; ORANIEER A O GFRBEORFBITTOBEMTH 2 Z e O 2DT, THALH
MR THBHE D DIHERT 2R0END 5,

5.2 8% Grassmann ZER{E & F D & ZE [ D #R A 0T BE
$£58

EH5.1.1 DFEE Un) OMBHLSEH S %,

#4213 CED-EEEEZRAT S &

FYSMJCKW))=:LJA1p M; ={gz;g" g € U},

ERoTWT, M; (0<j<n)BHWITH 2, U(n) DRAHEEE S HEOHBEED
REITEF A, DA TH 2, LD >T, M; = G;(C") DMKMNEES D EFHEED
RETTOMBERE

A, NG;(CY) ={d e A, |dDXAKT —1 DM = j}
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:{<61177€z]>C|1§21<<Z]§TL}

ThHd, TNPZ—D2DBMBEDT, 2 G,;(C") ODMAIEEES DO AFRIED
ME—DREITITR 2 FHZ ZHERNIEREE D ERBEOME—DRET T H 5, Z
L&D, #:G5C") = (’;) DI D VLD,

FEEOFHER DA REZRDEHICE LD 5,

EI 5.2.1. 3R Grassmann ZHK G,;(C") DMAHHE 1

{<€Z‘1,...7€Z‘j>(c | 1<y <0 <le Sn}
WA, £oT. THUEIRNEESDSRBEDOHE—-DRETTEH 5, K
I, #2G5(C) = (’;) DI D LD,

R U(2m) [ Ly DRRRMEEER 7 HED 7 B4 R 2D & 22/ G, (C*™) ) Zy DRI
PEREDNTHEEEL,

U(2m)/Zy ORI BEER 7 HE D D HERE R Z R T 272012, n=2" - [ e fgd
bo 1272L. LEFHTH 2, de DAITHLTd? =£1, THY, dy € A ITHL
Td:=1,72DT, v € D(s,n) (0<s<k)IHLTa? =41, HDH LD,

PD(s,n) ={z € D(s,n) | 2* = 1,,},
ND(s,n) ={z € D(s,n) | 2* = —1,,}
LBk,

D(s,n) = PD(s,n)UND(s,n)
WEHWIZRERBHIAND DRI Do Tom : G (C*™) — G, (C?™) /7y % BRI &
ERAE
EH 5.2.2. G,,(C*™)/Zy OMKIPERSFIIRDONTOUPICERTD 5,

Tom({d1 @ - - @ dy @ dy € PD(s,2m) | 3d;(0 < i < s)Trd; = 0}
UV—IND(s,2m)) (0<s<k).
72720, (5,2m) = (k- 1,25) DIFEE m=2DL 2D
m4({dy € PD(0,4) | Trdy = 0})
EERAN T 5,

FIERH
U2m)* =U((2m)/Zy, Gn(C*™)* = G, (C*™) /7y
CEL T B, EM 445 XD, URm)* OMAKEEE 2 BHIRD W T hdic
HFZITR D,

Tom({1,V/=1}D(s,2m)) (0 < s <k).
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72720, (5,2m) = (k—1,2%) DBEEEBRNT %,
A% Gp(C™)y OMKHIEES & 35, —fRAIVTEIE D, ABROWTANIE
272 %,

Tom({1, V=1}D(s,2m)) N G (C*™)* = 79, ({1, v/ =1} D(s,2m) N G, (C*™)).
722U, 0<s<kTHDH, (5,2m) = (k—1,2%) DEEERNT 2, ZZ T,

D(s,2m) N G, (C*™)
={d e D(s,2m) | d\ZEEE -1 EGEm. 1EEEm Z2FD}
={d € PD(s,2m) | Trd = 0}

(Tr(dy ® -+ - ®@ ds ® dy) = Tr(dy) - - - Tr(ds) - Tr(dy) 72D T)
={d1® - ®d;®dy € PD(s,2m) | 3d;(0 < i < s)Trd; = 0}

THD,

V—1D(s,2m) N G,,(C*™)
={V—=1d | d € D(s,2m), V—1d \ZEHHE —1 EEE m. 1 BEEm 28D }
=v/—1ND(s,2m)

DD LD, Lo T, AXROWTINICERTH %,

ng({dl ® - ®Rd;®dy € PD(S,Q’ITL) | EIdZ(O <1< S)TI'dZ‘ = 0}
UV—1IND(s,2m)) (0<s<k).

72720 (s,2m) = (k— 1,25 OBEEBRANA SN Z, EHIm=2D& X,

{dy € PD(0,4) | Trdy = 0}

=H{+h @1, £L I, ¥, ® I}
g{dl ®dy € PD(2,4) ’ Trd; =0 EJ S Trdy, = 0}

EWVWH UERERDYD 720,
7T4({d0 - PD(0,4) | TI‘dO = 0})

BERANT 2,
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5.3 Hermann{ERACIEEFE > /N7  Lie d#

GEEfEaY T b Lieffe L, o % GONAEMECFREERE T, GDH
CRIZEENT o DERT 2858 (0) 13 Zy, E[RIBNCR 5, FHZT, (0) = {1g, 0} D
DD, S 1IFHICI EEL ZRIZT 3, G (o) DFEREG x (o) ZRD
EOWXEDS, BE G x (o) ITHE

(91, €1)(92, €2) = (q1€1(92), €162)  ((gi,€:) € G x (0))

PEDD, T, TOEFIZE->TGE x (o) I3 Lie BHICRE Zehbor b, Th
ZGt (o) DFEBRLML. G x (o) TKT,

Gx(o)=Gx{1}UG x {c}
VFHRE T N DRI TR B

i 5.3.1. LELORED D & TG DHNILE e TR &, FEMOERIIFHEE
ZED. G x (o) DBEATTIEE = (e,1) 1T 5 Z & 2t (9,€) € G x (o) ITH
LT (g, )t =(elg7h), ) BSD LD, (gir€6;) € G X (o) I LT 50, ,61)(92, €2) =
(gre1€a(g5 ' g1), €2) DS D 31D T & 2Rt

i 5.3.2. G R T b Lieffe L, 0% G OMENECFRRESR L 35,
M?={geGlo(g)=9""}

Ko T M ZEDS . ROFXDED LD,

F(sz,G x (0)) = F(se, @) x {1} UM? x {c}.
RHT. M° OEEREE G ORI 2RI %,

SE g€ GITR LT (g,1)2 = (g% 1) 725 DT,
F(se,G % (0)) NG x {1} = F(s., G) x {1}
DD VT, KIZ (9,0)% = (go(g),02) = (g0(g),1) &2 2 DT,
F(s:,G % (0)) NG x {o} = M° x {o}

DD ALD, HLEX D, MEDER

F(s:,G % (o)) = F(s¢,G) x {1} UM x {0}

DD D, MOIZEFERELHBOBEESESTHD., mE1.3.8 D, BHEHEKRDIX
R 7 2 REIRIC T2 B,
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F(s, )13 GOMIRK P —F7 A2 o TFFELHFARZ Z e TE, ZHUIDONT
B 4.2.7 TIEFEATH 5, TITE. M ZHFARDZFECOWTHHIT 5, %
T, PEBEG < (0) NT G x {o} 1B 2 G x {1} OHEBEHIE. g,2 € GITHt
LT

(9. D)(x,0)(9, 1)~ = (g2,0)(97",1) = (gxo(g™"),0) (3.1)

LRLIRTE %, DED. Gx{o}ITBIT 5 g DHBRERIZ. GIZBIF 22— gro(g™)
EWSTERICIR 2, —fRICge Gk 2 HBRIEH%Z

I(z) = gzg™" (g9, € Q)
TRL. o XX 2IRN-HBIEA%E
po(9)(x) = gzo(g™") (9,2 € G)
TED S, (3.1) DRAMRZE AN TREL T 2 72D,
l, :G—Gx{o}; x> (z,0)
WEoTl, ZED 2, ge GITHNLT, RO 252,

G Po'(g) G

| |

G x {0} 292 G x {0}

DFED, GOGEND o I XBFENLHZEHIZ. 1, ZBL TG x {1} OFEME
G x {(a) ND G x {o} NOHEBAERIIHIGT %,

Rl 5.3.3. M 5.3.2 DIEIICBWVT., M7 D e B ETLEIER T p, (G)(e) 12
—HT 5, I 87 b Riemann XA (G, F(o,G)) 2O EE 2 a7 b
Riemann MFFZER-ITH 2, K. 22827 b Riemann MFZEM G/ F (0, G) 3HE
FE G x (o) DMIZ 72 5,

SEBR £ 3 p,(G)(e) C M %RT, g€ GITHLT
o(ps(9)(€)) = o(gea(g™)) = o(g)g™" = (9o(g7")) " = (ps(g)(e)) "

L7225 DT. p,(g)(e) € MDD LD, £o Tl pr(G)(e) C M7 2175, po(G)(e)
D e lZBT BT PIVERIZ
X e g}

Te(ps(G)(e)) = { %exp tXo(exptX) ™!

— (X —do(X) | X € g)

t=0



74 FHoE MRS

={Xeg|do(X)=-X}
b, MBEDFEFIX, do DEHEHEIX L1 TH Y, [EE2ZEMDHRIT
g={X+do(X)| Xegt+{X—-do(X)| X € g}

THBZehbbhd, i, {X cg|do(X)=—-X}EM*De%EOLHE-RD
D e 2B 2R FILVZEFIC—HT 2D T, M7 D e Z BTSRRI pr (G)(e)
WZ—H3 5%,

P W& 2 GDIEHT e ZEET 2TTORNRZRD 2, ¢ = p,(9)(e) = go(g™)
WEo(g) =g EFMEIZRD, e ZEET 2TLDOEMERIE F(o,G) TH 2, LIh>T,
po(G)(e) 2 G/F(0,G) DD LD, ZAUTA Y7 + Riemann MFR (G, F (0, G))
MPHIEE S8 b Riemann MHZERTH 5,

AR 5.3.4. @G0 b Lie#f G ofithy UTEBTE %2387 b Riemann
MFZERNE. G O EH R ES>» S EE 525, AECREESR»SEE 5
2 > >%7 b Riemann MFAZERIE, #ifEa 87 b Lie ot U TEBTER
W, L L., i b5.3.3 KB CRBERD» SEE % 3> b Riemann Xt
e 2 IR a2 > %7 b LieBfoMithy U CTEHBHTE 25805 5,

DIFTGx (o) CBOWTHFEa Y%7 b Lie HEOFEOMAK F—7 200 DI
B2bDEEZS, FDFHIZ Hermann fEFICOWTIRD IR - TH L,

UZEifEar 7 bLieffr L, (U K,) & (U Ky) %23 >,%7 b Riemann X5
NeF5, Ky DU/Ky ~NDOEED S DHRAEH%Z Hermann B L 'SR, (U, K;)
(U, Ky) ZFED D U DMEWHCRBERZ 0, £ 0, TR, UIZlZ 6, & 0, B
FEINCR 2THIAZ Riemann 5T EBEE > TWb 2T 5, ZDEE, df, ¥ db,
W u OFERMIGENUT 5, WITER 46, & doy, D +1 [EHZEM %

L35, HEEDR
u=?1+m1, u:E2+m2
i u D Ady (U) FERRICE T 3 ERERRICTE S,

FIE 5.3.5 (Hermann [4] Theorem 2.2). my N my NOMCKRIHEFR 722/ a 2 & 5
. alET AU DLie#f A=expald b —7 R D, ROFEAXDD LD,

U/Ky = | ) kAo.

keK,

ZHUF Ky D U/Ky ~ND Hermann fEHDEHEIRIX Ao DT b b 2 2 E
KLTW3



5.3. Hermann fEFH & IS 3 > %27 b Lie Bt 75

SEEH AN F—JRITKRBZe xR, 6RO DFRDOIEHDOHERD /29
WCH B %7 b Riemann SR 2K S 5,

S={uelU]|b(u) =0x(u)}
Z% &, SI3XU D LieHa#ICZ D, FIZay 7 v TH b, S DHEAGEKER
7% Sy TRT L. SoldU D#fEa > 7 b Lie BBl TH 5, s € ST LT
9182(8) = 9191(8) = S = 9292(8)

DI DNLDD T, by(s) € SHBED D, Lo T, 05(S) = SHMDLE,

62(50) = So 213 %, 0213 Sy DNERHCRMERZFHFLE ST 2, 6, & 6, Z ANk

25291( ) =05(S) &72 D, 01(S) = SHD D, LoT. 6,13 Sy DXERIH
FRIEAG R AET 222 bbb, 0y = 0is, = Oals, £B <0

K ={se€ S|b(s)=s}

DOHNLEAN T % Ky £ 352, (S, Ko) 13 >822 b Riemann SFIXIZR 5,
So D Lie B s 1%
s={X cu|db(X)=dbo(X)}

73, X O ES di, D £1 [EHZEM %
bo={X €s|diy(X)=X}, mo={Xe€s|dh(X)=—-X}

tj—éo s = Eg +my Za> o7 b Riemannﬂﬁf\ﬁ (S(),K()) ﬁ)%%i 55 @@@ﬁj\
fRTdH 5,

b Nt ={X ecul|dh(X)=do(X)=X}
={X e€s|dbih(X)=X} =¥,
my Nmy = {X € u|df(X)=db(X)=—-X}
={X €s|dip(X)=—-X} =m,.
L7%5DT,
tg =8 Nty my =my Nmy

DD ILD, 387 b Riemann XMFRNf (So, Ko) ICER 258 AT 2 L. A=
expald b—7 Ik D,
mo = | J Ad(k)a (3.2)
keKo
DI D IO,
Rz
U/Ky= | ] kAo

keK,
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RS TeDIZE, FED 2 e U/K WX LT Ky N Ao # 03D 32D Z & % EERA
FTAUX KWV, EEL1.3.14 KD, 2z & a vy MR ERRIK Ko DR d(z, Ki0) %
HZ3REID L(y) = d(z, Ki0) £ 725 HIM#R ~ : [0,1] — U/ Ky BFEL. v(0) =z
Y y(1) € Ko Zillizz L. X512y D y(1) 1B 2HERZ ML~/ (1) 1& Ty 0y (K10)
ICERT %, (1) € Kio & D kiy(1) = 0 B¥72F ky € Ky DMFET %, TDE X,
kiyiZ bz & Ko DEBEZ 52 2R TH D, kiy D kiy(1) = 0 ITBIT 2HEN
2 v (kyy) (1) & Ty (K10) ICER L, (k1y)' (1) € TH(K0) DD 3D, T,(U/K>)
Emy ZE—HT2Z2I2ED, (b)) (1) emy EARED, EHIKETRLAEZ
XD (ky)(1) emy TH D, (ky)' (1) € mynNmy =my DD LD, (3.2) XD D
% ko € Ko DMFIEL T (k1y)'(1) € Ad(ko)a 23K D 3D, TA4LE D

@ > Ad(ko) ™ (k17)'(1) = (kg 'k1y) (1)

#1920 ko€ Ko C KiNKy C Ky 7RDT, ky'k € K1 TH D, 51T, ky'lky
kgt & Ko DEEBEE 52 2HMARTH D, ky''kiy D kg k(1) = kglo = o
WKBFZEENRT ML (kg k) (D) X allEEN2, Ld > T, JIHIER ky 'k
DIRIFA-0lTEFEND ZEITRD,

ko'kiy(1) € Kz N Ao
DD LB, EM5.3.5 OAFADTERSE T 3,
T 5.3.6. G 2IFHEKEa > %7 b Liefte L.

G:UGA

AEA
% G OEFERDNOEMARE T2, 0€ ATHD, Go lFHLERER T & § 5, &
ANEAIRDWT oy, €Gr2L D, [, 3Gy DACHMESRZFHFET 2, F(I,,,G))
DHNHEFERL T OMMA N —F AT\ &2 2, RDOFEXDK D 1D,

Gr=J gTaeng ™.
9€Go

ZHUE Gy D Gy NOHRIEFADEREIE Tho) DILHhHENDE I EEKRLT
W3,
SRR Gy x Gy DHEHCFEIE®R 6,0, &

6‘1(97 h) = (Ix_;(h)a[a/v\(g))’ 92(97 h) = (h> g) (gah € GO)

KXo TED D, 0,0 IMENHCFAMEGHRICLRS ZeDO» 5, TNOHDHIE
¥ 220 ar ¢y b Riemann XFRHZ Hermann OEM (EH 5.3.5) Z#H T %,
NS DEIERIRIREZRD 2 &

F(61,Go x Go) = {(g,h) € Go x Go | (I, (1), I, (9)) = (9, h)}



5.3. Hermann fEfH & IEHEHE 2 > 82 b Lie B 7

= {(ga]au(g)) | g€ GO})
F(05, Go x Go) = {(9,9) | g € Go} = AG.

2%, EREED 0,0, BED B8 b Riemann MFAXTHIHNIET 5 LieBRg x g
DIEHEF R

gxg={(X,dlL,(X) [ X €g)} +{(X, —dL,(X) [ X € g)},
gxg={(XX) [ Xegt+{(X,-X) [ X g}

b, T T ZoONERHECRREB d),, db, D —1 [EHEZER D HIEE 71T

{(X, —dL, (X) | X € g)} n{(X, -X) [ X € g}
={(X,-X)| X eg,dl,,(X)=X}
= {(X’ _X) | X € F(dlacmg)}

THb, F(l,,,Go) DHELGEAEL T DMK b —F 2 T\, @ Lie 32 t\ 1% F(dl,,,g) D
MR AT BRI272 % 6 otof {(X,-X) | X € t,} & db,,do, D —1[EHFZE
[ D H@ 5 N DMK ATy 22 2 B0 XIET 2 Gy x Gy WD b —F i
{(t,t71) |t e T\} TH 3, Hermann OEH (EH 5.3.5) K D

(Go x Go)/AGo = [ (g, L, (9){(t,17") | t € Th)}AGy

g€Go

U { gt Ix/\ | t e T)\}AGU

g9€Go

7‘773\52 D i—LOo (Go X Go)/AGO e GO @;FJ‘MSJ: D
Go= J L)L, (9t ) [t e D} = (J o’ Ly (9) " [t € T}

g€Go g€Go

= U gT)\IL'C}\ (g)

g€Go
#18%, ZZT
9L, (9) " = gTh(zagzy) ™ = gDhang oy

72 DT,

= |J 9Darg 'y
g9€Go

DD LD, HHDEDD ) ZH T 5 &

Gy = Goxy = U gD\xrg ™

9€Go

DD LD, L ETEDTIRDTE TS %,
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% 5.3.7. EH5.3.6 DRED D & T, @AEHD G WOX G2 TTDO 2RI

U glz € Thay | 22 =e}g!

9€Go
b, FHZ, GLIEENS G OMHINE {z € Thxy | 2% = e} DITD Gy 1T Xk 53t
RHEDITNTTH 5,

5.4 IEEHEI >IN b Lie BORM DR AT IHES

Z OHEICIIIEEREa > o7 b Lie oMty UTHEHE N5 32,82 b Riemann
IR 2E R DRRATPEEE B D778 % 2 DIFERE 2 > %7 b Lie BEO MO BEES 77 Ff
DA HEL JFIEE RN S,

G ZIEEREa > 7 b Liefe L. WHIAZ Riemann &2 b > TW0Wa &3
%, EH536 DREDDELTER S, Fs.,G)NGy =0 k7228 Gy 1Tl
bHAHA G OMHIITFEELROD T, F(s,, G) NG\ BLETIERN G IZDOWTHE
ZANUI IV ZDOEI RGN LTy € F(se, G) NGy DL, 25 = k72D
GG C Gy DD LD, LMo T, Gy =Gy UGy 1Z G DERDRIC 3,

k
F(s.,G)N Gy = | M,

J=0

G NDDRE T 5, & M XGOS, v;€e MR DL,
M; = {gx;97" | g € Go}

DD D, TIZFTIEHR53.7TITTIZOroTW3,

M; DRRIPERE DD IEEE X 2, A% M; ORANEREL T2, AU{e}
3G OMPFEEEITHRD, AU{e} 28T G OMAMEES A% 2, AlZe%d
MO BEE G D, M 4.2.9 X D G OB 2 EC 72 5, G DR
ERDBED Gy XD AR TETWT, ZDREILH

Bi,....B

YHoTWBET 2, 2O E, AZDHB B L GoHRITHBDT, H5ge Gy
DFEELTA=gBg ' BE DD, T3

ANM; =gBig™ N M; = g(B;N M;)g™*

DD LD, ANM; 1E AR ED M; OMEEEEGHROT, AOHAMELD A= AnM,
DD LD, LTehio T
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D, M IZBWTARBNM,; b &2, UEDERID, M; DN
PE S DS FRFEOREITTOMBMIX

BiNMj,...,B,NM;

ThHb, TNOPIEIERGITRZ0E S 0PBKRT 22 22k D, M; ORAN

BESOEFRBEO M EIE LN S,
ZZETOHMDIREZRDEHIZE LD 5,

EIE 5.4.1. G ZIEEKEa %7 b Lie#f e L. WA Z Riemann G &23@H - T
W3 E3 5,

F(se,G) = OMJ
=0
ARG NDTREE L. My = {e} £ T %, & M, 13tz b,
M; = {gz;97" | g € G}
DD ILDe G DOMKEESR 0 O HBEHD T FHDRE T
Bi,....B
EHoTWVWBET 5, 2D E, M; OMIKNHHES D ERIFEDKRITOMFEMIX
BiNM,, ..., BNM,
TH b,

iz ENT20,
B.NM,,....B,NM,

& M; ORISR G DB FRIBEORKICOBEMTH 2 Z e b5 DT, Thabd
WMRTH 20 5 DR T 2MEID 5,

5.5 U(n)/O(n) & EDREZERDEBAXIHERES
U(n) DX EHIE RS o %

o(g)=g (geU(n))
WEoTEDS, i 5.32D5FE2HHT 5,

M*={geU(n)|olg)=g 't ={g€Un)|'g=g}
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LI D. MO IR U(n) MR 7 B0 FER U(n) x (o) 1250 T,
F(sz,U(n) x (o)) = F(1,,U(n)) x {1} UM x {o}
DD LD, g,z € U(n) I LT

(9. D)(x,0)(9: 1)~ = (po(9)(x),0)
Y70 M7 = po(U(n))1, AR D 70, ZHLE DEBAMER M = U(n)/O(n)

2185, MOIMHZERO SO BE 2 #H->TUI(n) TRT, ZOiEE#->TH
DT LEROMREZFA L TBL,

F(sz,U(n) x (o)) = F(s1,,U(n)) x {1} UUI(n) x {c}, Ul(n) =ZU(n)/O(n).

AIEiOFEZRHA L TUI(n) OMANBEES ZRD 272012, U(n) x (o) DMK
SR BER AT B0 A% U(n) x (o) DAL T 5, %9 AN(U(n) %
(o) £ 0 BTTF, ZDEDICES TRRVERET 2, $5L AC Umn)x {1}
DAL D, TDEE, Un) DMANEF DO ITEMEREID H 2 g € Un) 2517
fEL T

A= (gAng7") x {1} = (9. 1)(An x {1})(9. 1)~
MR D LD, & T AHB,
A, x {1} T A, % (o)
THD. A, x (o) FRBEEIBIC R 2 DT, ADKKIEICFET 5, LizdioT,
AN (U(n) x {o}) # 0 DD 370,

R(61)

n T
k=|=|, T= ' 9; € R
L J R(6)) I
(1)
B, TIEOM) = F(o,U(n)) Ok b —5 212%%, E512
Un) x{o}= |J (& )T x{o})(g, )"
g€eU(n)
DD LD, TR D A% Un) x {1} HELRHDICWMOIZ T, teTITkoT
(t,o) e AL TE S, ADTIENEMRDT,
(1n,1) = (t,0)* = (to(t),1) = (#,1)
RO =1, DBWDID0, INED EATHITH D, AKX £, En
DEBDE X 11D, IHITHERS A% Un) x {1} H%R S DICE D #12 T,
(1,,0) EALTES, ZHUIn=2DHED

(V—=115,1)(=13,0)(vV/—113,1)7 = (15, 0)
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ZRHT2ebhd, ZOLE, (g,0) € ARBIE geOn)BEHILDOZ L%
DIRTmRI, (1,,0) € ATHH, Az DT,

(9.09) = (1n,0)(g,0) (1, 0) ™" = (0(9), 0 ) (1n,07") = (0(9), o)

MDD, £oT, o(g)=g kb, geO0(n) 218 %,

AN(Un)x{1}) =Ax{1} B &, ETRLEZE2H A C O(n) DD AL
D, d e Al (d1)e ATHY, (1,,0) e AZDT, A> (d,1)(1,,0) =
(o) DI DILD, £oT, A x{o} C AZI52, RiZ(byo) e AT HL,
A>3 (byo)(l,,0) = (b1) 72D, be A %RF5, LEXD A=A x (o) BVEDY
SNDZERbRb, (do)e Akt B e, (1,1) = (d,09* = ((a)%1) & D,
A'Z O(n) OXBEER T REICIR 2, Bl 4212 DFERED DB g € O(n) BFEIEL T
A" C g gt DR DIID, THE

AC(9Ang™") % (o) = (9. 1)(An x () (9, 1)

7%, ARKRIZDT,

A= (9. 1)(An % (0))(g, )"

DD D, UEED, Un) x (o) DA 7EHEE A, x (o) 12U (n) x {1} 3t
BTHDZehbhd,
RIEIDOFIEEM S & U(n) x (o) ORI UI(n) x {o} ORAITHEE S

(x) (UI(n) x{o}) N (A, x (o))
WEARNCRZZ bbb, Z T,
UIln)={geU(n)|'g=g} DA,

ED ()FA, x {o}ic—HL., Ulln) OMAMEESIE A, ICARTHZ Z
bbb,

Ul(n) OREGZEE OMNBERE DD ZE X 5, Un) OB ZE Rz ZL[H
BRIz, BARE iz LT

Z,=A{z1,|2€U(1), 2! =1}

WX 2% S, @441 KD Z,3U(n) ODFLRDT, Z, DILE U(n) DD
ST THELI ST THRECIEMICKR S, Ul(n)dU(n) OMNMIRITTO LD
T, Z, DYERZ UI(n) ZAZIZRD, Ul(n) 1 U(n) NORHATE Z Rk K72
DT, Ul(n) DL, 2 X 2% UI(n)/Z, \3FG8E U (n) /Z,, ORI D 2k
272%, Ul(n)/Z, DMRNPEES 2 08T 27012, HifioFEZHNHT %,

21, € Z, WML To(z1,) = 21, € Z, B DLDDT, 0(Z,) = Z, HHY 3L
D, TNED. 0ldUn)/Z, DXNEWHCREERZHET 5, ThBF LS
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cTRITZLICT S, ZONANECFRMEGZMH > THER (Un)/Z,) x (o) &
EBEZDHIENTEL, ZHIFERBERICE > THhOBEHEEZ DD LFRIBIC
DI ERLTEL, m,:Un) = Un)/Z, 2 BARREEL T 5,

®:U(n) x (o) = (U(n)/Zy) % (o) ; (9,€) = (Ta(g), €)
WKEoTPZRED D, (gi6) € Un) x (o) iIZHLT

(7n(91), €1)(Tn(g2), €2) = (Tn(g1)Tn(€1(g2)), €162)
= (mn(g1€1(92)), €1€2) = P(g1€1(92), €1€2)
(I)((gla 61)(92762)>

YD, PIXLie HOMWRIBEBRTHLZZhbhrd, IHIOILHTDH 2,

(g1, €1)P(g2, €2) =

ker @ = kerm, x {1} =Z, x {1}
7% %DT, ¢ Lie BED[FA
U(n) x (o) /2y x {1} = (U(n)/Z,) x {o)

EHET L, ZORAENINCE 5T, Un) x {(0)/Z, x {1} & (U(n)/Z,) x (o) %&
[Fl—1135 %,

FIE 5.5.1. u T AR 0% 1 DGR 2u FIRE T 5, (U(n)/Z,) x (o) DR
PR BHIR DOV TIDIC (U(n)/Z,) x {1} R TH %,

(1) n E7EpHAHEDBE m0(An) X (0). T 70 (An) 2 (0) 1 (U (n) /Z4y) % 0)
DA% PR THE— DRR D> D KB DT H %

(2) nHD uEBRDELE
ma({1,0}D(s,n)) x (0) (0 <s<k).
772U, (s,n) = (k— 1,25 OBEEERR L
FEFLDFERH O RN AE Z i L T <

W 5.5.2. AP (U(n)/Z,) % (o) ORAKBERABER 513, AN(U (n)/Z,)x {0} # 0
DD LD,
SEB b L. A C (U(n)/Z,) x {1} 5513, EM445EDHB g Un) &
0<s<kDEELT
A C mo(g)ma({1,03D(s,n))m(g) ™ x {1}
= (Wn(g)v 1)(7‘%({1, Q}D(S7 n))7 1)(71'”(9), 1)_1
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M D TD, T T T
(m({1,03D(s,n)), 1) € mn({1,0}D(s,n)) % (o)
DD DT LI LTE L, (1,({1,0}D(s,n)),1) & (mn(Ln), o) IFAHUC T2 2
I ELRCRT, de D(s,n) TN LTo(d) =dBDT,
(M (1n), 0)(mn(d), 1) = (mn(d), 1)(mn(1n), 0)(mn(d), 1)
MDD, & BT

(70 (1n), 0)(mn(0d), 1) = (7 (1) 70 (0 (0d)), 0) = (ﬂ—n(éd)?U) = (7Tn<920_d)7‘7)
= (m,(0d), 0) = (m,(0d), 1) (70 (1), 0)
ERB, TNHDOAHEEXD 7,({1,0}D(s,n)) x (o) 1 7, (U(n)) x (o) DXFHER

DECRD. ADBKIEICK T 3, LedoTo AN(U(n)/Z,) x {o} # O DD
AYASN
#iR8 5.5.3. AD37,(U(n)) x (o) DWAMFRTEL S (m,(01,),1) € AKX

URVASR

S EE. (m(01,),1) 1 1 (U(n)) % (0) DS B ERNB 2 & B ds 7 (01,)
W, (U(n)) OHINZEEN S, g€ Un) I LT

(7n(9), 0) (10 (014),1) = (7 (g)mn(01,),0) = (7Tn<9)7rn(‘9201N)70)
= (mn(9)mn(015),0) = (ma(09), o)
= (1 (61,), 1)(ma(g), 0)

ERBDT, (m,(01,),1) & m,(U(n)) x (o) DHFMIEFEN S, RIZ
(mn(015), 1>2 = (Wn(eln)27 1) = (71'”(921n), 1) = (mn(1n), 1)

LD, (1a(01,), 1) ENEWTH 2, koT. AUA(r,(01,), 1) IE0BEER SRR
D, ADRAMELD AU A(m,(01,),1) = ATH D, FHZ (1,(01,),1) € ADE
YRYVASN

EE5.5. 1D 4=1DFEETTIChbroTWVWADT, u>105E%2E
2%, A% m,(U(n)) x (o) DA DL 35, BARLGH

U(n) 3 (o) = m(U(n)) x (o)

b, TRT, B=m,"(A) B, Mi@#552XD Anm,(Un) x{c} #0720
T, BNU(n) x{o} £ 0D ILD, A% m,(U(n)) x {1} H&2H DITHD 2
T, (tg,0) EB, (to € T) & TE 3, TBHITA%Z 7, (U(n)) x {1} 723 DIHD
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a2 T, (1,,0) EB2TE%, @553 XD (01,,1) € BOEYILD, (1,,0) &
(01,,1) HEHETH 2 02 & 5 HAR 5,

(1,,0)(01,,1) = (6(01,,),0) = (01,,0) = (01,,,1)(1,,0)

THH, ZHUF (01,,1)(1,,0) =T 27D DORE+TDEME. 0 =0Tdh 5,
IR ZNUIO=£1 EFMETHD, p=12FAETH 2, u>1DHFEEEZT
WBDT, (1,,0) & (01, 1) IZATHETIE RV,
mn(ly,0) € AXD
A= (ANnm(U(n)) x {1}) U (AN m,(U(n)) x {o})
= (AN (U(n)) x {1}) Umn(1n, o) (AN 7, (U(n)) x {1})

DD LD, AN, (U(n)) x {1}) & 7, (1,,0) E AT DT
ANnm,(Un)) x {1}) C{m.(u) |u € U(n), (m,(u),1) & m,(1,,0) I&ATHL} x {1}
= {ma(u) | uw € Un), mn(u) = mn(u)} x {1}
DD, T 2Ty AEDEM , m. (1) = mp(u) ITDOWTEZ S, u € U(n) 2D
WTC () = m,(u) DD DTz D DB TFRME. D25 EHARE m BFEEL T
U=0""uMWOIDOZETHb, EHIZ
U= 0""us 0" =0"u < 0mu = 0™u < 0™u € O(n)
%%, LE&D,
ANm,(U(n)) x {1} € m,({1,0}0(n)) x {1}

218%, uEFROBE, FERIITTITOr>TWEDT, uBEROGEELE X
U L,
O({1,60}0(n)) = m,(O(n)) U m,(00(n))

BHWIREBEMEAETHE I EZRLTEL, 3L g,g0 € O0) P r(q) =
Ta(0ge) W7 T2, DEIZEARE m BFELT gy = 02 Tlgy DI D LD,
XoT, PPt e {£1} e b, L 2ADOF =1 %Mz 3BBIT 4 DR 2D
T, FEPEIZ S, LT, LEOMEGITAVWRERRMESTD %,

ANm(O(n)) x {1} = A" x {1}

Ziliz=d A C m(On) B B0 LUITRT A 2 m,(0(n)) DRALEEEDEET D 2
ZrEIRT, FDEOIT. A CACT,(0Mn) LRI MFEEHRIEEADD D LT 5,
T ({1,0}1,) A x (o) 1 m, (U (n)) x (o) DXBEE BT 5,

A=m,({1,0}1,) x {1HANT,(U(n)) x {1}) % (0) € m({1,0}1,) A x (o)
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DD LD, ADHAMELD A=m,({1,011,)A x (o) 2182, XoT, @hof
BEBRDFZITRD, A = ADBED D, Lo T, A& 7m,(0(n)) OMAS
BRI EC Bo p XEETH D,

m(0(n)) = O(n)/{+1,}

DD LD, EFF 4414 XD, O(n)/{#£1,} DEAMEFR DRI KDV
,(0(n)) &% TH %,
m(D(s,n)) (0<s<k).

7272 L. (s,n) = (k—1,28) OFEZRL, L7zdio T, Aldm,({1,0}D(s,n))x (o)
W27, (U(n)) x {1} HTH 5,

0R—ITED
PD(s,n) ={z € D(s,n) | 22 = 1,,}
ZfioT, Ul(n)/Z, DMANEEES O MR 2R T 2,
EE 5.5.4. UI(n)/Z, DWAMNPEEEIZRDOWFTIRICERNITZ 2,
(1) uDEFBD L E, m,(A,).

(2) pMMEBD L =,
m({1,0}PD(s,n)) (0<s<k).
727U, (s,n) = (k—1,2%) DFBEZRINT 5,

GERA A% UI(n)/Z, OMKHHEESG L T 5, Ul(n) x {1} & U(n) x (o) DM
HWTHD, m,(UI(n)) x {1} &7, (U(n)) x (o) DWHITH 2, £->T. Ax {o}1Z
Ta(U(n)) X (o) DIPFEETH %, {(1a(1,), )IU(Ax {0}) ZEL 7,(U(n)) x (o)
DIANIFES A% 22, A, (Un)) x (o) DRI RIS 5, Z 2
T m(U(n)) x (o) DRI HEER DD 0 FERGR (E# 5.5.1) ZRH T 2,

(1) uPETBDEE, % geU(n) BFEELT

A= (70(9), D) (mn(An) % (0))(mal(g), 1)

DD D, de A, IR LT

(9, 1)(d,1)(g, 1)~ = (gdg ™, 1),
(9. D)(d, 0)(g9,1)"" = (ps(9)(d), 1)

i)i\ﬁi b _\ioo Lf:i)fof\

An T(U(n)) x {0} = mu(ps(9)An) x {0}
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2185, £o T ACm(ps(9)An) DD LD, ADMIKEL D, A= 7,(ps(9)A)
R AT, (A) AR S,
2) pEBDEE, H50<s<k&geUn) PRFEELT

A= (1a(9), D(ma({1,0}D(5,n)) % (0))(ma(g), 1)~

M DILDs d € D(s,n) XL T

(9, 1)(d, 1)(g, 1)~ = (gdg ™", 1),

(9, 1)(d,0)(9,1)" = (po(9)(d), 1),
(9,1)(6d,1)(g,1)~" = (gdg™", 1),
(9,1)(0d,0)(g,1)™" = (8p,(9)(d), 1)

MK D IID, Lo T,
ANm,(UI(n)) x {o} = (m.({1,0}p(9) D(s,n)) N7 (UI(n))) x {0}

2185, £oT. AC 7, ({1,0}p,(g9)D(s,n)) N, (UI(n)) 3D ILD, A DK
HED., A=m({1,0}p,(9)D(s,n))Nm(UI(n)) &7 b, Aldn,({1,0}D(s,n))N
T (UI(n)) &R %, Z ZT,

mn({1,0}D(s,n)) N, (UI(n))
= (m(D(s,n)) N, (UIL(n)) N (7, (0D(s,n)) N, (UI(n)))

THb, TNHEEDDPDRTVHBICHEEXHRZ S, ¢ = 1,0 635, d €
D(s,n), my(ed) € T (UI(n)) & T3, bz cUIln) PFELT 1, (ed) = 7,(2)
MDD, THED, D2 aDFEEL T r = 0*%ed B’ D LD, £oT,
reUln)CFEETZL

0 2ed=7=0(r)=a"'=0td!

b, e=e'BRDT, d=dPeRD & =1, BEDID, LTWoT, de
PD(s,n) TH 3%, Wil dec PD(s,n) 7% 513,

oled) =ed = e 'd™' = (ed)™!
%D, edeUlln)TH3, LEXD
mn(eD(s,n)) N, (UI(n)) = m,(ePD(s,n))

B D 3700 K. Atk m,({1,00PD(s,n)) ICERIC D, EFE5.5.4 DIFHIZSE
ST 3,
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