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Krs = —Trfad(Gy)ad(G;)] = = f, f (= —ksr) (3.70)
L9beE,
Lcauge = —ﬁmsFTMVFS’“” (3.71)
A
—fIz
Tr[fyw fas) (3.72)
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T =V RETH DL, 5.
Fw = KTSFSW
LddL, BNR2)DT—=IREWRLD,
F o = Fowlexp(—e)]’,

2135,

(3.73)

(3.74)

ZERD ) —HEDCERAID & E| det ks A0 TH Y, ks FHEFFD, BT, T 287 b EHT
DEEE, NIRA =R —Z @YU T K, = 6, EHERD, B B—L Y YHIEIET 8

7 M TH D,

3.4.3 HEROHEMY
(3.66) & 0. UNEHTIX,
EFr, =F, +&fF,
L%, Ko T—MRILS (3.57) &0,
VAF,, = O\F,, + A"\ [, Fs,
b, Tk,
VaF,, = O\F,, +[A\,F,)]
b EITDH, BHANL,
VAF,, = TV,F, T

L720. V,\F,, 13 F, ULz ],
7o, WUNE#HT,

Elw=Fow = fuFow
ERH5DT,

VaFrw = OFrw — A 5 Fo
Ths, TIT,

Jabe = Kar e
NRERAITH S (M A) HEMS &\
Va(krsF?,,) = Krs VA F™,,

ZRTHNHEES,
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(3.75)

(3.76)

(3.77)

(3.78)

(3.79)

(3.80)

(3.81)

(3.82)



3.5 T —IEDEEARER
AT, OWRE, FT, DR TOABNS :
L= LY(A,,F",,). (3.83)
Lo T,
oc, oL, oL, .
0Ar, — 0Ar,  OFs, 2P A (384)
0L, oL
881,/1’"# @Fryu (385)
L%, (3.51), Bb,
0L, 0L, ;
— LAY =
oA, T oA, e =0
(=N
och
o4 = 0 (3.86)
B, ZThED. L F, FIFOBEKTSH 5,
(3.50) 1.
a‘Cll s t —
8F8w/frtF ur — 0 (387)
&b, TIT, (A23) ZM\Wiz, (3.66) &b, MUNEHT, 6F°, = & f5, F', DT, k
A,
OLY (s _
oF, OFS, = (3.88)
LMD, DED, LD —IRETHELE VI HHRTOEDERL TV, L) = Liauge
L9sre, ZOANHZINS,
PAF T
L= Lo(¢, Vi) + L] (3.89)
IZDOWTHER D, A7, OEE X
oL 0L . oL oLy
5A", T OFs, 21 <28FTW> oA, 0 (3:90)
ThHsb, TIT,
oL
no_ 1
T, 25 Fr (3.91)
0L (g (3.9

3=
T A, AV,
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C‘:[E< C\:\

Oym M — [ A, T = —j, " (3.93)
b, ZOWH DL (3.80) LH LD T,
Vam W o= Oym, M — f5, Al (3.94)
LT,
Vym = =g,k (3.95)
TEER (1.34) 2 L) ITHEAT 5 &
gulLi] — AL f L] =0 (3.96)
bR AN I A i UN
£ =
=V, (3.97)
THb, (3.96) DMH DI (3.80) LHLTH B, 5.
aX, =0 X! - L ALX N (X =V g k) (3.98)
b RN
vV,V, 7" =0, (3.99)
V,.3." =0 (3.100)
2135,
LZDWTOEER (1.37) 725 (1.39) 1%,
O, J. " =0, (3.101)
J '+ o, =0, (3.102)
7, ) =0 (3.103)
kied, ZIT,
T g P £ (3.104)
Thd, EBHENX (3.95) 2H5 &,
JV =3" = A m (3.105)
&b, (3.101) ITRAL T,
0y(3," = [ Al ym,") = 0. (3.106)
mE. HEEEKX (3.95) 1X, Maxwell iR & £ -5 b D
Om M = —(3," — [ A m M) = —J* (3.107)

WZET S, FHUOE2ENSE DD LD, =V 15— 2Ri->TWa7=0, 77—
VI — VG H B OFEOBRE E O,

22



3.6 T—UBDBER
3.6.1 G, DEHIL

AN
A

Rys = M5T87
Tr(G,Gs) = —No,s
DEEEZERD, 7272L, M, NIIEOEHTHD, ZD&E, DK,

M
‘CGauge = _E(STSFTNVFSWV

TH5B, G, =aG(a 1) T 5L,

! ! la ! la 1 a
[GT7G$] = f rsGa7 f rs a

rs

THB, Lz, (3.70) D ke 13

/ u v
Ky, 1= — [, = —K
rs (&% su Oé2 rs
L5, £oT,

M

/ — !

Kyps = Eérs — M57”57
N

Te(GLG) = — 36,
HGIGL) = —-
Thbd, £z, AG, =A"G, TA" ZEETDHEL, A" =ad’, THY,
F/r‘ul/ = ayA/TV o aVA/Z 4 f/'rstA/s #A/t ,
= al”,

kb, o7,

1 v
£Gauge = _EHLSF/THVF/S’“V = _E(STSF/TMVFIS,MV

(3.108)
(3.109)

(3.110)

(3.111)

(3.112)

(3.113)

(3.114)

(3.115)

(3.116)

YiB, a BEMISEAT, Ti(GLGL) = —6,, ® Te(GLG) = —16,, T B e W8k 5, L

. G IFESICHBEENT WS EREL, ' AT 5,

3.6.2 ¥—UBEOBESH

% DOXHTIEH, T—=VH A", & gA", R LTS, ZIT,

k

g = M
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Thd, 5. BEDA, & A Ll (A7, =gA",) &, A DIEWIE,

Vot = 00" + g A7 [G, ] 50" (3.118)
Ly, r—=I5ohRIL,
Fr, =gF",, F, =0A,-0,A, +qgf A A, (3.119)
Y5 B, 70 Lomge 1
Liange = s F JFsm (3.120)
10t

Y7B, A T— - 5750V R (3.93) 1. L] = Lo DEE.

o,F M —gfs, At F M = §» (3.121)
. L,
= gt = == 3.122
"= gat = 7 (3.122)

LB, TIT, gF™ =6, F TH59,

OVRATE fips = MOy TR, 6, TRIFTWBZ EICHEEE &, £72. Frwv = \/—det(g,,)F"" TH 5,
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4 BENG

ZOEL (1) 22E I U, EAGOr —VHERE LT, EAGOIRILF =TT, Sk
3] HIFEL N,

4.1 KEHZH : BFEI LGS

FPVHRREE2EZ D, D20, MBETFVYARELZHO0 LTS, ZOR, RFELKIC
H—L Y VEEREZHETE D, TOREELZ Xk =0,1,2,---,D—-1) &L, Bl&% ny =
diag(—1,1,---,1) &35, Fiz, —REEE » T3, 5.

) = O (o) 1= O (@)
b RN
L A N (4.2)
b, £z,
Guw = Taph?, ()", (2) (4.3)
THB, b, E2HEL LN,
RIRINER T — L > 25
X" = ah X! (4.4)
WX UT, ki
W = a4, (4.5)
W = (a1 b (4.6)
LEMIND, HUNEH
ak = 6k + " (4.7)
IZX LT, M {¢A) I,
594 = e Gip)? (4.8)

2
Kﬁ@j—é t’f}iﬁ:jj—éo €kl = —EIk, le = —le 137)%)0 77/)a(04 = 1,2,--- ,Q[D/2]) 7&7‘4 VA
DAY —=NGE U, )y =iy & T 5, 72720, 2 I,

a9 = = diag(—1,1,--- ,1) (4.9)
W72 ITHITH B, > ITH LT,
o = iaab(%bw)a, Vab = Va V) (4.10)
THY., P ITHL T,
500 = ~ 3" ) (a.11)

‘t“% 60
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4.2 RFTNE#R  BREAFHZGE

DUTRTIE—BDOREIIEZ S, 2056, X RIFGFHELRW, 72720,

ST 5, BT T — L > 2%
h/k — akl(l')hlﬂ,
W= (a ) h!,
Thbd, ZOLE, HBOILEWMSIX,
1
Vbt = 90" + QAGbM(Gam/J)A
THB, A% =—An THZ, FIZ,

1
vﬂwa = aﬂwa + _Aab,u(’}/abw)av

4
_ _ 1 _
V;ﬂ% = u’lvboa - ZAabu (¢7ab)o¢
Thbd, 5.
1 a
Ay = SATG
bl RSN

A =TAT'—9,TT"
Thd, LIAT, YA =VURT ML) DL &,
[TV = ah V!
Oi D\ [T]kl:akl"c\\%é'?)o :j/l/t\

EQUN

Fabul/ = alﬂ4abu - aVAabu + AacuAcbV - AacyAc
THY, TOEBANZ,

by

F,g,uu = aaz‘FijW(a_l)jb
Thbd, £oT,
[ . Lo 1a b
T 6/“/ . h/ (ZF b,LLI/h/ 18

BT —VRETH 5,

nZnky,
(Gab)ij = 5;nbj - 511;77aj
195,
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(4.3) % 7=3 2%

(4.12)
(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.20)



4.3 MERFVVI
— AR E D,

ViV = 0.V + ALV
Thbd, —H.

V.V, =0V, -1, Vi

(4.26)

(4.27)

LEDD, 2720, V,V, E 28T VYLV TEI A2 EHT S, ZZk b, T OB E

ZDO é“(\ /‘7\\
N Vi =V,V,
EEET B (72720, V, = b5 Vy). A5,

WV Ve = 0V, — 0,k Vi + 18, A Vi
= 0.V, — 01", WAV + A 0V

THENO,

FAV[J, = aﬂhkl/hkk - Ak:lp,hkuhAl

8th)\ - F&)\th‘a — Akluh,lA

LHEIT 5,
& AT, hF X2 FIRER D T,

0,0,h*, = 0,0,h",
Thb, KBl

ayra)\#hka + Fa)\#al,hka - aVAkl“hl)\ - Aklual,hl)\

(4.28)

(4.29)

(4.30)

(4.31)

(4.32)

- al’ra)\,uhka + Fa)\u(rpauhkp - Akluhla) - al/Akluhl)\ - Akl,u(ra)\thla - Alml/hw;\) (433)

THYH, fHiliZ,

@Mra)\yhka + Fa)\l/(rpa,uhkp - Akluhla) - 6M‘Akll/hl)\ - Aklu(ra)\uhla - Al m,uhn;\)

72D T,
hka a,B;w = Fkiwhlﬁ
#1345, Z I T,
R, o= 0%, — 0,1%, + T, I, =1 T,
HERT Y YV ThB, (4.35) &0, (4.25) Do, 1L RY, L7253,
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(4.35)

(4.36)



A R —EF

Z DA ERIZ [1] DAFEB 25512 Uiz,

Al ) —EE ) —HE

ERBOTHIERZ KD N IXTHOLEK%E M(N,C) 2 EL, M(N,C) D> 5, 751230 T
20 E DK% GL(N,C) & #EL, GL(N,C) OM# a2 ) —#L 55, G 2ig) —#t
tT5, V—R¥g %,

g={X e M(N,C)|"a € R, exp(aX) € G} (A1)
TEHT D, g DIEEDIT A, BIZDOWT,
aAeg(aeR), A+Beg, [AB:=AB—-BAcgy (A.2)

b, G 2 —REOEELTIE, FED X egld. EB e 2HVWT, X =G, &—
BIZEHT 5,
T(e) ZfRBY —HEDL L 5 &, BAILDIEL T,

T(e) = exple'G,] (A.3)

LETD, TRENRTA—K—=TH5B, TR b (8T A =X —DHPABAR) THE; LAY
D= DEEDIEIE. ZORTEIFLZN, —fRIZX. TOETEITS LIZES RV,

A2 RBEEH

T(e) 2B —HEGDuEd5L, FEOFENATA =X —0a, biIZH LT, T(a)T(b) € G7&
DT,

T(c) = T(a)T(b) (A4)
YBBENTA—R— cBFET B, ZhE

"= f"(a,b) (A.5)

EM<, fr(a,b) IZATFOMHEEFFD :
fr(a7f(b7 C)) = fT(f(a,b),C), (AG)
fr(a,O) = fr<07a> =a’. (A7)

E72. f7(a,b) iFa, bIZTDOWTHEEDOREE E TEGIHDTREE T 5, a=072"G DHEAIGIZHY
TEHDT, (Ad)Za", b TWH L7, a, b2 T0LEL &,

PTE)| Of et Ofab)| P
ockoct le=o  Oa™  lap=0 Ob5  lap=0 0arob®  lap=0

G, = G,.G, (A.8)

8U(n), SU(n), SO(n), Sp(n) IL#fER I VX7 NHETH B,

28



183, 2T, (A3) kD,

0T (e) B
8€T e=0 - GT (Ag)
ThirHEEMANE, (A7) &b,
aff(a,b) o Off(ab)]
Oa” ‘b:o = b°  lu—o oy (A.10)
RDT, (A8) I
PT(c)| , Pf(ab) _
30 |oco T 0@ o s = GrGs (A.11)
b, s B ANBZ AR DEEFEL T,
[Gra Gs] — Ger — GsGr = prstv <A12)
9*f?(a, b) 827 (a, b)
p . J N o
fhe a0 laseo 00?0l laso (A.13)

Y72 B, MRS IEENS 712, ST R — K —OfEEHI % ETIE (0, b) 12 X D 5%
PoEX NG, WEEREERTH S, NTA—X—DWMD HEELD L. f(ab) PHEEEE,
HE G, b ELT 5,

(Y

A.3 [EHERIR
XeG AcgedTdeL,

XeAX 1 =X e @ (A.14)
IRDT, XAX legThsb, FiZ. XG, X 1egdDT,
XG. X' =0o"G, (A.15)

Y#ITB, o BREMTHS, o BEEORBL A5, CNEMEERLITENS, o% Ad(X)
&%<O
L. X e @WER s 2HNT,

X =¢F (A.16)
LHEIFLLT D, ZOH,
Ad(X) =: exp(s - ad(B)) (A.17)
TiiHlad(B) DB, EFHLD,

e*BGLe*F = G,lexp(s - ad(B))]* (A.18)

T
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Thbd, sTHIUEEIZs=0ELENT,

[B,G,] = Gi[ad(B)]',..

B=G, LT,
(/' G: = )[Gs, G,] = G [ad(G,)]',
HIRSN
ad(GY)]', = f's

2155,

Y a e EEA

G, Gs], Gy + [[Gs, Gy, G| + |Gy, G|, Gs] =0

£,

fprs qpt + fpgtfqpr + fpt,,«fqps — O
ZhE(A21) kD,
[ad(G,), ad(G,)] = ad(Gy) f*,,.

I, ad(G) M) —RE g DRBITH B Z L 2 KT,

A4 BEEHEOTERME
ERXITad(G,) 20T TTr 205 &,

Tr([ad(Gs),ad(GT)]ad(Gu)> = ki ft,

THod, £l

Tr([ad(Gs),ad(Gr)]ad(Gu)) - Tr(ad(Gr)[ad(Gu),ad(Gs)D

= Tr(ad(Gy)ad(G1)) /'

= —Kptf tus
72DT,
Kt f tus = Keuf tsr
2185, 2ok,

frus = fusr = _furs
ZREKT D, TNED, fou 3BERNFTH 5,
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(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)



B IxINF—EHERF

B.1 #8] ZOIRIF— - EFEFREFH

BEHGLNE TWE) IR, TWE &, A8 7 —H0M {0} L7 — V5O (A} &
55T E, WHEE] 2T, (P} &EL, BUNEREE

't = ot + et (x) (B.1)
EERD, DR
op" =0, (B.2)
5AZ = —A0,e%,
69#1/ = _gauauga - guaauga (B4)

ThHbd, TOBWMT, WE] D75V IT VEE Lo DALY L35, DK, Noether
DE 2 eI

1
[Lonat) (=00 + 5\/ —gT" (=0,9us) + Ou([Lomat) “ALSE + \/—gTo‘ﬁéé‘agg),,) =0 (B.5)

B L,
0,B", =0 (B.6)
B" +0,C*" =0, (B.7)
cH =0 (B.8
Thd, 727ZL,
— —g@”,,—i-[ mat] ( AT(VL) V_gTaﬁaé;gﬁ)w (Bg)
8‘cma‘c
Gk — — A oH B.10
O™, 1= o (—AL0) (5.10)
Thbd, ZIT.
1 0Lt
T = B.11
Nk (B.11)
TV ¥— - H#HEET VY ILT,
1 a‘C'mat A
RS W — 0P L B.12
O i= Lt~ il -
FEHET IV E —  EHET VYO TH D, 727Uy 0Lmae/0(0ugas) = 0 AV, £z,

[ mat] iAr &‘;(-Tj—é[ mat}A "C})%o

miﬁ%VﬁTVﬁﬁﬁKﬁkﬁ\@&@65#0tm9$1%6
O ZE (BAT) 0295 K512, 01 1T ¥V ILDES TR,
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WIBOEE) HFER [Loa]a =025 &, (B.5) I,
0 (VIT) — SV =GBy = O
L5, T,
vV, T" =0
LEMVTHY, TRF— - EEHEREGFHNERT, £z, (B.6), (B.7) I

Ou(v/—90", +/—gT",) = 0,
OL at
—_ I —_ TH‘ —AT’ =
vV—g0" ++/—g V—l_aa[a(@[aflz}) l,] 0

&%, 722U, (B8)BHWE, ZoHE2AKD,

1
T = 0", —
v—9

0L at Ari|

a{mqﬁm v

215512
T, FHARRKEEREZ LD, TDE X,
d,T" =0=—09,0"
ThHb, £oT,

E* = O" 4+ 0, F[au}y

8,E", =0

(B.13)

(B.14)

(B.15)
(B.16)

(B.17)

(B.18)

(B.19)

(B.20)

Witz s, 72720, F% o, p o U CRNTRAREZORTH 5, (B.17) O4LH 23X, 2

o Flo izxtisd 5,

m:@ﬁ%%ﬁu\U—vy%%KH?5%®T%5Oﬁ%ﬁﬁ@ﬁ%t\{“}z@wmwyiw

Ap

1 @
vt = —Eavmary - {0

1 1
= — — [ J—— po
\/jgau(\/ gT") 2&,ng

%1%50
L)y (ZFRIZDS, O 1E— I IXRFRTIE R,
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B.2 £2FROIXRIF¥— - EFERFA

EhGe MBS MBS (T4 99 IBEANT =) LT =V o225 25,
2RDT T T UIT VBRI,

L= ‘CG + ‘Cmat

(B.21)

Thb, LQWBENGODTI 7507 VEEBT, Loxld TWES] DT Thd, WES]
DRiE (YA} L HE, ZIITBHIG 07, ZMAT-H D% {¢} L h <o KIRIZBUNEIEZ

't = ot et

(B.22)

TLGBEY Lot BAEZLT D, ZOEMTHIIZM LR, T O, EE AR D T

D& T AT,

ey S —
9,8, =0

&%, Zld Noether DF 1 2B (1.24) TH B, Z I T,

THhod, ZIT,

. BEHGO TR F—HT vV IVEE L IEEN,

FIEE¥T XL F—  HBRT VY IVBELIFENS, 22T, £oT, (B.23) i,

oL
B = = _0,6" — OIL
9(0,0™)
= _tuu + G)#l/
0Lq
oo a p
P = g g, Ve T 00k
a‘cmat A a‘c'mat
! = ——0, 9" +
00,00 " " 80,8

Ou(—t', +0") =0

THb, EoT. (14) DIED FT,

FRFT 2, (—R) IZZDRDELIAXNVF—%2KL, P I X2EHRBOERES KT,

P, = /dD_l.”E (tou — @OM)

IIT. FaSvrBREWETS, T4, (B15) &b,

THd, £oT,

a,U('-)'uu = _au(\/ _gT!IL/)

au(t'ul/ + \% _ngfj) =0

B) L RSB L ZDWHDAN SRS (2BMNEEEEN) AN T—Th 5,
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6V0aa - 65 Lmat

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)



WD, T2, TA TV IZERRNDT, EBHEDS VI YT VB L,

1 1
Lo=—0G:= ﬁx/—gG (B.31)

2K
ks, 2720, Gl

G e

Thb, (B22)IZH LT, HBLTZOWMAPALLREFEL, BELABOYILT VN1 THD
=S, ERXRD Lo ZARETHS, F/-. TXLF—HT VY IIVEEIL,
1[ 0G

tH -
aa,u Jap

1/:%

0, Gas + Gag} (B.33)

EhB, ZOEIE, 19164FIZT A v yakAf Nl EoTRMATONZDT, TAVvYakA v
DI FNF =T YV IVEE (£721%, energy complex) & IEEN 5,
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