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WKbM ZERTZ LD DZ % TEENRY b (basis vector)) 72135 < TR (basis)] &
Do
%E&ﬁbw@ﬁmmﬁ%&jﬁm&7bw@ﬁmmofmé%%ﬁﬁb\%ﬁ&7}w6#oﬁm
ZESEF B k51T T EABWO, BEIAY M ATHO W ELT 3 &5 ICRARIED - ¥ %
HRREREE X,

FHE EDORZ M Te T8 y D) O OB FEME - TIHETE 20, ZRIFHER

o BT R AN 2 LR RV 8,

y WA R N2 AR 2 oL 8,

]

WBAE S TH B0,

DL EFLEEOXRY LXK NUPY WOTTTR SRR
S A
T A& 4+ AG (2.5) y SRR X <
= Ag€y (SP% . Lo . . e i
’ e ST
DESWIZRHRHEIN, R7 P ADORINDOTFFRIEDOHD & 5 U: %@ : :(&3)
wiibhsd (Micid, A, =54, =308 % R0k, | T
IS5 LT, FHEEORZ FLERBT 3D, KERNT e
. I . e o — =
EZ BN, or Ay, Ay BIEE ST 21BN H 5 Z 0D é:c ....... AR l
- CCg

ZEMNRZ PIVOBGE 3 RITEIRD WS 3 DREL IR,
7= 1€y + Y€y + 2€, (2.6)

DESL=DDEERY P 2o TRIT 2 (LDGE, BENY PV 2, y, 2 Wi RV 72BN
7 PVEBAZD, 5 LA TRVWIRWDIT TR,

=) Z351LC, R MR TRSEMHZAZE N Q2 XTHe 2ME, 3XTHhS 3) TREIWZDD) EX3
ZrDHTEREIICRE, ROETRZDEZIFINE> TR MLOEHEERERL LS,

6 RILWVZriZ, YETIE 0T PHloEKRERO Oz b H D,

7T bBAA, bo L EMRESEEZITVERS, TOEAD TH) THoTh, TOEFDERFIEET 201 2 HOEE
TIERDRVWZLIEHDEDZ, 72 N1 L 22N ZNERICISVEE] 242 K5 RZEMEZZ 5. HEORBE
723 2 HOEBOMIC T1 R 2 BED ) DIERIIHET,

8 ZOFHEROWTEBRTHHTZD, §FZXTWV2E 2 R0RY ML OFEIR - TE 21 HREMT TRV ORI,
[ﬁh@J}@%if%éo

9 T2V THoT, ZITRHRVE DAL TE, HREEIZD RV,

10 HEEIABDY (ZOLEZDL EDRIITIELT) EXRDDTH 5,
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22 3IRTNIT FILDER: BRI MILELT

221 BRI MILDOER

ZITRZ MOEHEE, RIEEZENTRHEZ S,
MIRERDPOIED 3L [N ITEORZ b L EEE N BliNE D) THB) Thb, b5 L
FRICEZ B, [RICORTHEEDRADHZZNTVEHDERTZ FLERER] WS Z Ik 3,

x
FIWEN =3 DHEEEEZ LD, [1 y z} EJL e [4 DX T For. y . 2 o) (B
z

TOHENIE S TD EV) riAiRTRAT 5, A CTRIE» SERLLZEMADNRY bV T & 2,1, 2
W EOREN 7 P A OBIREE Y LTEET 2 & 0,6, + 0,8, + 0.6, DESICHBH, The=o

Uz
DRFZNART=RT L ELTDRY L v, | DXIELTNWSE ZEIZRZ, L, BXRZ P LR
vz

Iz TREL DX RREMNERDI R THEETT IR TEEZDT, Zo5DHM AW OTH
%, EEE. ThhSLETHS Zichs X7 ML) EFEARRZEEANTERI NS D LIFRS72W0,

DAZOE| . .. . .
z Sl BITH. . IR7Z R z XRNDY),
NETICHTEFITD lﬂif®ﬁ1diﬁ;«7bwf(%mfmgbﬁ)

!%%&7}»@&%@\ﬁofmégﬁ%%%az&mfmmmt%%ﬁmmo%5m5%%@m%a+m@y+%a
125 2 BN EHEAETA 5T 5 RILH,

Uz

%}@F%E@%ﬁﬁﬁ%éhtﬁﬁjﬁoﬁﬁl®ioﬁ
Vz

LiIZLidEm I h 255

— Vo

V365 + Vy€y + v,E, = {é'l. €y é'z} Wy

V2

(2.7)

0)4:5&:%??“6%3&1“&50 TLIRLEEBSINZE D Hd25 2 TRVWITRN, 2 2L TR Preod &)
Vg
kA
‘9@
dt
-
di
SWH LB TROI BV BHALH S (HEME22). 7 M O—D0RBTHS (KA L. N7 MLZObO%
— p5s-
RBALTLES D3, £ HLMEVRDTERL LS,

tEbhdt

LVWIRAELBEROEN, Chiz—RICELVWEBRSRV, HKENTS (6, &, &)

2.2.2 FIRT MILEFTRT RIL

N7 Mk {Z“} D &S ITHECAENR 2 D% [HIXZT )L (column vector) ) (E7zi& MHER2Z b)),

Y

{aw ay} D XS ITHICAINRDE D% T1TRT BJL (row vector)] (F7z1d THRZ bLy) SR, 1T
YHIDY 5> BATTE o b Fbh bk 723 NIEFLIH] 2RWIEZ S, MEE ST
f7) C. W% STHETH 5] TH 2,
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$%%TM\N7Ew@$K{ZbHW}®i5KrﬁﬂﬁH#%m$JXLT%%T%@T\%N

d| vy

7%»%%$KL\—Yiﬁﬁtﬁﬁtguﬁ&7bwﬁtﬁéoiofﬁ:{“}k%%m\ﬁﬂ

Uy
PRZ MDD T« ¥ O DEZ 281F% TERE (transpose)] EFFL, R R THER S
NV ELE (transpose) L7z b D) LT 3, BmB%EE T AT 2P e TRET 20T,
@' = [vz vy] TH 315,

2.2.3 MEERAS—1E

N7 vk INEOBDOE) & L2GEICs., BifioRAMNRER7 v Lre FBRICE LE  ERE%
EFELTZV URDEIICEZ 2 LHIHITOERICHE>T2d DI 5, KX

HIRE o

) o] leva)

DES, BATELDRLETHS, 2HhT7—fFX

a aa
albl = |ab (2.9)
c ac

DESTETTRTEERET 3 &2 51,
ERORE (k) 2HE GEE) 12oWTIEBI RO & 5 RERIDSE D /Lo,

FR DM D72 315
RHER] . a+b=b+a
FEEEA D (a+b)+c=a+ (b+c) (2.10)
PEERT . a(b+c¢) = ab+ac

I 5 EBORE SBRRE YO LD T BRENEL TR, MRIES7 ATHE, ] #OLL $ 352 RBLH

ELI BT (DF D, o RTL 2y RO L EHITH2HZHEE LT £C) Mo TG ver y N vy ERL TS, &oT
COZOERBREEL L ED IR 25E S5 DT, FBTHIDIIHEITIEL L BV ((2.7) © TLRXLIZER T 2875 1%
B L TEWIRY) L E505EbH 2, ZITREHPVILEEDTIC=T2HBWVWTLE- T,

12 EBERTHBE LD TEoRDTHH, ARTET M5 LI Lk, (T A DEBED LI CRT. LWV
DBHEAV L IZE S DD,

AT TZ—0TABL) RS T2— - TABL BHVIEIGAT (21— - L HATIE—F il

13 MRS SR TE, RN P IEHET 280 % o) = V] kL BN P ARHET 350
E (o] =[ve v,] F2@ (v|=[vi oj] EHENZPLOHE) DXSET,

14 [#E25) 5T, ThYZDHTIE? —LBIADVESS LKV, [HERER) £ LTEYLDEITHE, LoLit
DFITFRA LI OBEHT T27 7 — 532 & 1T 2 RO FIZEMERRV) DX BA—LD 255 —fF) Zfiviz<
BBHILEoTHBEPHLIEW,

COXSH TEBAST I EEHLTHALTO3 AT, BR 2 0—HERI LA,

> pl8
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N7 PLDONNEE FRETE L THLUTAMALT 5,
R 2: XT MLOMERBBEDH I ER

THEAl D G4+b=b+a
AT (@+b)+é=a+ b+
255 —HROMEER 1 o(8d) = (ap)d (2.11)
N7 FARODEER 0 M@+ b) = MA@+ \b
AH S —FIDOFEIER 0 (A + \2)d@ = M@+ Aod

ZZT, BEOHE T2HhT7—) EIATWS, SOHSIXFERELIIEEBRTH S, Zh5DIE
HIZKZ N THER T 2 e N TE B35,
PFREa,BBEORT MVOEDBEBDGEEEZ XS,

N7 MV EIRT @ = {a“’] YERBT I ED THARE) LR, X7 FLDOELEIZ

Ay

G+b= .8, + a8, +b,&, +b,&, (212)
= (az +bs)€: + (ay +by)E,
b, RZMORBBEIHSZZNFLEET I LV, O ERTEL 2 Lo
Qg b, ag + by
= 2.13
Ay " by ay +by ( )
THb, NI FAPS 28T y D ERD B IFEITOWTIE, 243%’2%420
N7 PVERSTRRLEZE 205|HI1Z
i —b=0,8; + a,6, — b,&, — b,8,
=(ay — by)€y + (ay — by)E, (2.14)

2

Qg be|  |az —bg
o)l
DEIITHTE S LTHIEETHIEE W,
N7 MVOIEKES B E 2 #1E X

% @ b
Yo 450 ad; + Bb, (2.16)
Vy Ay y aay + Pby

15 ABTERY MARRAFR L7 20N (THIOFINL [ GEEZT]OL5 KRR, MEOEFEREET 5
T DI BRAT 5. MY LRAOMICAY< () EANSHE 0,0y YANRVEE (e ay| BDB. F72, i

Kﬁ&f{?}@;iﬁ%ﬁbf%;m KR TIE, HOEOEEACT B, pl6 DEEEBH,
Yy

18



LELZENTES, Rz,

Vel  |az bl |«
CVWIHITHRIE LR o TWAR Z LR TH S, I ZIHARITH {“’” bx} &, [“’” bx} D&
ay by ay | by

HERZ MR ZOUNDDEER L ZEHTE S,
2.2.4 RRACIRIL CARFAEIRE

EFE 1: FHIHI AR
kD2 bV d@; = (@y,ds,---dp) D> T, AR O TRV o; 8-> TETRIES
BEES>THONRT FLICTERWVWE E, D% D

k
ZO&,‘,EL} = 101 + ads + - - + agdy, =0 (2.18)
i=1
EBRDEZDERTD o HOTHEHELFITHZLE . 2Dk HDORT bLa; 1 THRFIMIL
(linearly independent) | ¥7:i% T—XIRIL| 725 5,
W, YR oo 2T 5o TR 218) KD DX SICTEL L E, ZAHDN
7 MV 6, 1& THRFREE (linearly dependent) | ¥£7:1% —XR{EEI 725 5,

SEHEDRY FALDBE. 2RKDRY FL G b HFE TR AW TR AUSEEIS TH 2, R
EENTOWIUE, d@=kb (K IZH2ER) DD IODT. ZOHBE 6, b 3 ItETH 3, LI
REDRZ F L ORED LB TE 27255,

% BRI MVTRILZEEE Z %,

O{Zj +6Eﬂ = m (2.19)

Qag

THESDPRDIULDEICLEIET I L. aar + by =0 ITLELS TEWITRWRS = — >

CPRFE-TLE S,

ERRN

0 0
Ay Qag [by
_ = Gy = T .
« {ay} ba {by:| - |:aay — 7[) by} [a (ay — aby>‘| (2 20)

b

Gz _ Yy _plrmxmyor
z y

MTEZHDH, DFDIXTHbOERE (SOBEF L) TH3Z LHMURERTH 2HETHEHTHZ (2L, 3
KULEDRY FADTHIEEETH 5 & FIFEBE L IZR S 720,

v R5H. | ay — ‘Ziby =0 DD RV HDEBAZ MR SRV, D&M

16 9 om D EERTHBE L 2 20AZ FAORICE LT ad+ Bb=0 B H o7 Zi1a=0pob=0FrE>
TLES. 20H0d Tk HHMEV) ROTHER,

17 AHETIE a,o0, -, ET D28 ayppy ZARDZONEELE FX o) EHLZERZT 2, o3 T2 ZIRERE
DR/FELEPAS] ZeZ2RLTWVWS B s THLW,
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3ALEDRY FARE VIS FTRRVDS G+ b+7=0 L R2RNUNEZ SN Z DT, HIELEE
DEMEFHEMIC TERRE) 23R sR WV, NRKITONY MV TREHNS I N L2 R0, ERD
5. N RILRBEEDORY bk GEEER 0,0, -, 0y ELT) V=@ + ool + - - aniy LF
TN TEDS (o, a9, -, oy EEUNEIZNTRE0 .

p N RTEDONRZ S VD k ADREAEE

a1
a2
U1 + ety + U = || Uy || T2 |- Ti . (2.21)
| | L]

DES AT F o TERBTZZENTER, ZORYZ ML 5, BEEEELR S, FORDHERERN ISR esd
%, FRAERHETZICEES TR IR WS b, ZZBEARTYOMERFARNT IV, ZOME 2 I13RITHITD
WTIE, BTU-<K DFHBAL XS,

N [ 2-2] LUROARZ ML OSIGEIEIT A, SHEGER D ?

of 3 ea 0 of

)

EY bk — p212 N @ — p215

J

23 WA

2.3.1 RNEBEDER

W& (inner product) ™ Z=OoD~NZ hL THE ) ICEHT3EL LTERSI NS, HLET
32 THoTHIELIIFOFETH S, ZDk
HIELIHES L 2ABWABVWAHTL 2080, 2h
EZo20I DR B THEL THL LKW,
NRIIARITTDORZ PILTHEFRTE D0, MOXK
TEICBWTH, ZXZTWVWER0DRYZ MLEED LS R
0 FHTFHETE 20T, FIENEEFERFETREL
X9,
N J FORD LS, EIERT -ODRY k1L
b2EZES, CODZDODORZ MLONEE a@-brEL, 20EKERTEBT 2 1
5 a@-b=|d|b|cosh TH3, MTEHT 2L,

(’7fU®UV7\\

N7 MLDNFE

QL

18 #E-2HS5DT TRy & () (dot product)) EFFARED. MRVBAH 7 -2k 25DT [RH 5 —7& (scalar
product)) ¥MAZD T 3,
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EHETD
=
A =51%93

a-b=la|| a- b= ldllby]
D &S5,
b RO G

b G
HACHRENIAZ FAORS |3 125 0RS B 213 5, SRIERAHT— LR 5,
BHAXWNAT o TH VWD T,

WIS G- b 23t BT 27201213, TFRZ ML a% o3, ZLTRHL

E& 2: BRI ML LTORBOER

@ - b= +(d)|[6] = +al|By| = a||b] cos 6 (2.22)
. L | FACHAZEZEmNTOWIUE T T R
7R LES LI ar by TH 5,
Wi E 2 EVTOWIUIY A F 2

£i%%, ZOXDH

fER3: BB CONFEIIRTOEE

QL
QL
Il

B

N

(2.23)

TH2HHI5 (HOHBIRACAZRAL2LEER D). CAREZIZ00ETH 220,
WS G-b1CiE, Th D5 B G ICFEITRIES LAEFEE LRV LW HERH S, koT, dk bhE
E&6\6ﬂzokﬁéolhd@ﬂﬂfézg'(Eﬁ)ﬁ&ot%@f%%o

FAQ) fIot-sic Tl BATHOEERTHD?

NREOBEKRICIEWAWADHED, T [ZoDRZ FAMELCHBEZANTOWS £ KEL
BABEOBREE] PR LoD, LE-oTHSH-TH XV, ETlRE TERTEZXT b
ADOWFEIZ 0] WS DI TERTEZRNZ FLEFROMA] 2 WVWI A4 X—ITHITIELL,
WEMBIER S MUZAMERVTWS | LHETTE 3,

COWEDDHZDT, WEIENZ MLEAAZ 2 ICHfFET 2 2icblibh s,

19 ||, Lidehen T (EiE) 2R85B, @ % (@0 b RO LIk,
20 |@? =01k BDIE. ABREINODORZ ML, ThbbTTHDLEDH,

21



VB TONBOENAL E LTI THE W3 REH-T, ZHENEWSIRZ FLE &,
N%xZF-YEkoBE (Zh) AT ONBTEREINS (W =F.-AZ), ZHU3h e BHHH
DRICHERS S5 A, MEEES<AFRCKEZ EIICEHEINTNT, THEHLTH. ¥
KB zh BB oAHEI~ A F R 2SS T (?) BHEEET 3 dIEb s,

>
€xL
= Az
e
;i7/75x®&$ \ZE\\
A FRADILEE

iz THIRTZ2ERZXODHEICRS] WO NEOWHEBENWAARTERZRICTZILD
2\, 22 2UE Tat+b 2WVIRY PADBEDEL RO LAKRL EN? ] WS EEIE

|Gt + b|% = (at +b) - (@t + b) = |@*t> + 2@ - bt + |b]? (2.24)

EWVI 2 RXKDOBMEIFNS 62?7 L WHEITEILT 5 I A TE S,

- )

[\ (v 2-3] RO FAQ ORGORE, bbb, (at+bW0WIRT FABEDELRZDEILARL Eh? | 2fE
WCHhE, TEHUL, BREZSRZ01OMELAA L, MEDRDIIE, XKOFEMES & X,

at+b
Yk — p2l2 N f#E — p215
2.3.2 NEORM - fFE - BER
EEOKY S Lo (B8 Tk
HROED =3 1R
R ab=ba
i

EiEAl T (ab)e = a(be) (2.25)
STBLERL D a(b+c¢) = ab+ ac

v

DAL L7228, PRRICBIL TIdE 5725950, %7,
fEoR 4: RIRDHAR

b=b-a (2.26)

Sl

21 TFAQOH®DFAQJ ¥ LT M e iZWEDEH DTITN? 1 WS008 H 2%, THUIEZODDEZNDH S, —D
MW TW2O0RZOHNETEEBRERVT L) THH, &5 —oiF MKROEEGFME N —# L IZR572WTL &)
VI BD, LEDLATHEFMETERVE WS NE, BRICHERZWBRLEBT L,

22



BT B DI ER(2.22) % RAEZH D3 THS S,

— p21

FESEANIBRI LRV E WS kD, ZHZHERIEV, G-b-cDES% [Z20DRY MLONF
DEHERATREE LS TH B, ~DDRY MLOHNEIEIRA D T —FEh b, AHT—2RT MLONEE
2223 CERy, 2fHHD THE] 222055772 LThH, EAERNIAN LWV,

/‘7701}0)‘)\/7\

f&R 5: RAADEEZERIIMIIL AW

(@-b)e # ab-é (2.27)
S~ S~
en (a-b) 1 an (b-¢) 1

TH2 (CL dDAZHES HEEEIANZ, T DHD),

R7Z P LONED
BRI

R 6: ARRODESEA L )
i-b+d)=a b+a-c (2.28)
XL %o
FokouitEz2 S 5K, (NEZHR > TW5DT) MRICHKRT S E)
DIF AW HATIRRIT DA T D %0 7EIERIDFEH D 72 1213, b
£a@llb) | £1a)1z,) q
B } ~ A~ -
a-(b+e)=a-(by+e)=a-b+a-g (2.29) | ‘

ZREEHSTH B2,

BIoER. 1+ ad AANDEE | &

b D i FaANO g5 } .
r DO BHELWZ L ERE

¢ D a JTANDHE
S0 THRED XS BN ZHFIMETELES5,
MAARINRZ PADBE, ERISRLE X 51T, I
& TR EE AR T AT D B 31,
ZAUIEHR R 720

bhe i3 d EACMERED S, KK B,y 2o
T by =0, =i L BEIF B, koTRZ PALDE

BB S 2 0 BLERI (A + Ao)d = Mid+ Xod S ZEDTET, H20FXb b5,

FrHTENTBI I,

22 RO ko [d|b)| & |d]|¢)] KIEEEHBDVTV R, RLHEZEWTOIUE . HAERS — THB I LITHER.
23 G LM EEERHZ EICHEBANTVEIDT, TOZDDRY MUIEZ TVAERACH B, ClIiEAHTEEMED

H2,
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R 7. BANY NLONEICET 3 EE
=57 Gtk
7 T=aT+TF GHEER)

@
>0 (HEEREDIODEFT=0DL ZTDA)

(3) B LETHIALTORVA, ARICHRTE S LB,
2.3.3 RN & RS

HHEHEX) D BB EEIR-> T OEHLTH, BERL T2 LBER/EEEM->THRLTH
2r &, TZOBBIIIREEL D 21 50D - 2L TZOEBIIIER (linear) TH % [P TH
21055,

EE 3: MLEROEER
HBEB/RX = T X) 2, WEHEZR-> TroFRLTH, BBRL T o6 R A TR
BZMWo THMRRDBFT, $58D5

T 011)(1 + 012)&72 = Oé%)&rl + Ol%)(g (230)

BT & NX) BBEEBTHZ (2L, ar,a B3R T —8),

gz e TT3IETH2) e RHTL2ZdH 5,

MIEEGRTH L) v Z ik, 2RO REVHINTSH 2, MABWCRIL® 2 TER) 055, —#
W ELWV, e 21 LN ERIE. IXNTHRIEEEGR TRV,

(1) [z az+b) (2) z—2® (3) T |V

LA LZENTHEELRDIX, FIEBEBICRE > TH T SHEFESEN) 2272 FRCYBETIEE
FHEDPREERZHENEL %),

WEEIE TZOoDRT ML SREADER 61,0 = 01 -T2 ) THDH., FEHEISEVEESH 2, &
VIO, BRT O (2) ¥ (3) ERlAADE S LUTFHAEZ .

24 HBEEDOITL BTHRTZ PLTDH, HE2WVIEDH - LHEMNRETHVWV) ZRDZHIOEEGDOIL (ZHELHRATD &
V) BIREZLWISEFROZ L %E (B (mapping)) 55, WK SEHOEKTO M TH5 ( flz) =22 1k
FHOEEDS O U EORBOEE~NDER, | flz) =® ZEBOEED SEEROEEADER), ¥iED mapping)
& BHFTE —DR® 3 L HIK EO—fHDRES) LWV IA4 X-YDEHE,

25  [#RAZZH: (linear transformation)) ¥7:13 M1 REH:) YIERZ b H 5,

26 BRELETRHTILE, (B2EE X POJOEEY NDEBHRTHZ ) 23 X =Y XS5 RL, H2EHK
EHOBERyICEHRTE) 22 Te o y) ERET 2, L2 TEEE 257 %) 20 BRI, TEED 6 E-RADER
TH2] LRBELEVES RoR(EEL, T2 2 20 WETE/RTHS ) ERELEVWES, -2z [ 2EL,

27 ZORDEMIE, [ TIX + X)) =TX) + T X0) |2 Tlar X1) = anTVX) IRAFTRETE2Z2dHZWV, Zhs D
Fa=a=1 BV DL, a=0BEVIDTH?S,

24




FER 8: NIEDIIRIE

G (ad + BB) =aC A+ pC B (2.31)
(aA+BB)-C=aA-C+BB-C (2.32)

DDA, OF D HHER G EE> TR ONEEM->72d D 2, WNEEZI - Th b AEAE
BefEo b DOFERIZF L) TH 2,

WX Do DRZ VA FEREELZBR f(0,0) =0- 0 LEZBIENTET, FiDFIHTH 3
TIZDWTHERADFIETH 2 G IZOWTHRIENEDL D 2 DT TREREEDS D %1 TIHEHZ (bilinear)
THb| LFH. BTHTL 25MHER, THOBIFERICHIEBET2MHETH 5,

23.4 NEICETEIFRER
AR/ NBIFRICBE L T

#E58 9: Schwarz DAER

—lal|v] < @- v < | |v] (2.33)

EVWIHIRED B, BARZ PLOBFRA L LTI ZoRIIEFICY - DRTORTH %,
F9 a0 = a7 (37 OAFICkoTEDS) %
BOS, )3 0D55 d L FATREDRDED B,
0< 5| < 0] BT Chbhrb, BIETEHTZEFT
365”90
HHEVWIEORER2 L EBETE27255, £z,
-0 =|d||v]cos ZEWHEIX,  —1<cosh <125
b2 ESS, ThEHS> e, UTORDTHATE 2,

HR10: ZAFER

<y

@] = |9]| < |@+ 9] < |a] + |7] (2.34)

C I\ (B 2-4]  Schwarz OFRER 2 & =AFRER 2ET, EYh o p212 A W — p215 A

BWTIFHETRLED, FOESKZHTEDLI22 (ZAFRER] LW ARTOEKSIHE
7)o DWVWTIZ, U—TDEIRBIEBEOEINEIRZILERTND ROFITR L=,

28 NI T 20T, ZO=2DFUIF U EK,
29 Schwarz DARFRDH D720 2AH1E, o LHRMR TRZ vy ETHTL2) L TyEHDID2Z 8 TH 5,
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2o @+ 7]

RTErbes, @ #EELTTIRES |5 #EELTHEEZLRATV, @+70ESORKA -
VB B FEABUE = R SRR X LB

S

2.4 ¥BNT NILORNTE

241 AEOHDRTCOHEE

DECERIZ Y, WHEOFEFEP WL 20 >7D T, ZN5ZHoTHNRT ML TORNFENY
DEIBRBDOLERBHPHAFETES, LEO_DDXT bLat
b, EREEDRER# - T [‘1 = 03,65 + a6y + azezj
b=b,&, + b,&, + b.&.
WA TELEL T 5, ZOSDDNY b LDNEE RS TER
LTALI,

I THSEERY MV E,, €, 6. IZZNZ DD R Z (7]
WHMAZ PV (RE 1D ROT, IR D D,

— —

8,6, =6,-6,=6,-6=1 (Zn) =0 (2.35)
EE 4 JOXRYA—DTILE

1 i=jOLE
5i; = (2.36)
0 iAjDLE

TERINZ 70X Y H—DTILAR (Kronecker delta) L WHELEZS &, (2.35)13 € -8 =d;; &
ELZeWTED, (2.35) T, j il z,y,z DERDLDA B,
ZODONRZ MVONEE DEIERIEE o TEHE T 5 &

(a,8; + ay8y + a,€,) - (b€, + by&, + b,E,) = 36y - by8y —1—99165,»”17;6; + a,8; b6,

tay8y b8, + ay8, - b8, + a,8, b8,

(2.37)

= azby +ayby +ab,
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B, DEODHABEE e Y5 L. ylaE¥>5 L. zlm¥sL (LT TORWERT) OF
RS BTV,

R 11: REDOHRDTRT

Gy ~ P)gj-‘ .
a= |ay| & b= |b,| DN a-b=azb, +ayb, +a.b, (2.38)
o)) L]

T ERTZ vy, 2 TERL 1,2,3 25 Tla = ag,a2 = ay,a3 = a, | L EFENT, Nz

3
a- g: a1b1 + a2b2 + a3b3 = Z (L_]'b] (239)

@;5K%<:t%%éo__11#63if#ﬁléﬂéﬁ%/mF&:—@%?JZ@ﬁo
Wﬁmaﬁ®;5mﬁa-%@of%mf%mm(_h%ﬁﬁ7bw%ﬂNﬁbwT§?z

Ay Qg

: DX ISWZITRY b

4oy 0 b by b BBV

by
by] 12753) B (b by b
a, b,

NN A ZARTHEOTH I, THELDEZHDL EF - ETNHRW,

ay

p REZSVWISEEXHZTH20EW0VIL, TOXIIFIRNT FL - fTRT bL ARG EZTHOHE (T

214, {“ b} [“”] — {“”by} ) YRAUEHEI R 6TH 5. 1TOADTIEMNPSHITVE L ELB L.
c dll|y cx + dy

@ b][2] = oz +by] &S BRIH S, HDE X LEAROTEIIHL T

242 ARZFETHEDESR

ADS5H, NI FLbOFAEBNERIEIMDET % (5 55, p2l W ZXD a)
ERDZEHATH 2, @) OEE |q)| 12 b 2HILdD (EL, 4 LbBAWAEOL i - 2D1F
%) BRETHZ (a-b==£[d[b] Do

Eh)s: %ﬁofv\ﬁf%ﬁﬁbm IANET OV 1k g R =S Uil NN V\ﬁ*%@of% SERHTHILBTE

210, a| =+ b oszzs, TAUC a@) HAE AT AL bwi NI AU,

Do
1= e (2.40)
Bbonzd (EENNZZ I LICHEE), bICEERAANIINE @2 58NTIEL VS,

—

Qy

2l

. =d——1b (2.41)

[

30 RAEANTARZ PADEZELEMANT PLTIRIRL, Do LEVWHDE LTRATWL DT, KIBNZEKOSE2» o805
iz L TBBEDPDH 5,
31 £ 290K DU, @) DHAL bDHAN—BLTRVEERD 225,
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L%,

[J\ (v 2-5] FoRDG, L bARETHZ IR, WHEEIRS LY RICK 3 L THEE &, mﬂzm]

COHRDNEEZDP LEZ T,

b-a (2.42)
b-d b o~
G =G — bl = (1 - |b-> a (2.43)

LERBL, gb| (2)ix (2) 28 b e EERAMORY FLERD HFHE 1085 T03P L,

( _ by ) 3 12 )0 b L BERA O LRI MTHEE) L REPCesTES,

b2
243 RNEZFESTCHD DD

EBONZ MVADBEGZ 5N &, 20 1 KD A, ZRDIZFHZ, &, L NREZIAUT XV,

8, - (A8, + A8, + AE.) = A, (2.44)
EREDOTHZ, Ay, A, komf%lﬁlﬁﬁ@f
A,
. /—/R /—/R /—M 3 ~
A=58,(8, - A)+8,§, A) +&.(6.- A) =Y & (& - A) (2.45)
7=1

MEZ D, 2O—HOHBICEIY ADEE ARLFEZ, ko THEBEONY M/U(ﬂxc@i

ﬁé'x(é'x~)+€y(éyo)+éz(éz~) RS (75 LRVER) Ko TVW5, Cof%
WD S T2 HHAOHE) TH 5 &.(6.-(2)) #BM< L. T2 HAKRERHANOHE) (31
oy FHADHE) T%%ex(em')+éy(éy') 272 %,

2.4.4 THEE

DLFIFRENR Y MADBHWIEET /LA 1 THoIBETHIH., 25 ThROVEER #7245
BTHRAOZENTE S, L ZFEWTERL TRV I, 62 2834 T

A= A7 + Ayt? (2.46)

32 ZheE F DS #B PHNFZ ) v RBT22bH 5,

33 IbH563, F WEMS (1—;25-) IS ERHATL2ZedH5, HIFE320RHD ZORHDL, ( DFRAITM
HRVEWVIFEHFEIARRZVDT) HL FT [FEEEM (symbolic) KB TH 3,

34 HEK L ANEEEXBIT 2720, 2 TEEKIZ EMERFET, OEEKE T ERFTRLTI2 00— LTEL L
127 %, EfERFRANEROMFTIIRVI LICEE CURTHB L THRLWY), Mi5bLWLA T & 6 13— fRISES X2
MTHE (FFRERUERTZ MLICRDZ DD D),
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DESICARRBLI-LE, 2D A, A B3 SHETE 27255 h,
CITHAD P LRBEZLTWT I CONEB LICRIZRZ ML) RIERZ e TELThH
B, ZORZ ML (7 EEL 22T E3) Z2ESTUTDESICLT, A B RDBN 3B,

T A=Ayt - T 4 Apty TP = Ay (2.47)
~—~— ~—~—
=1 =0

IRk 72 2o T

Ty A= ATy - T+ Agliy - T2 = Ay (2.48) Uy = (‘%JV
I o = (5,0)
THb, T THEALR T, U EARTERT 2RO ROt EE D ]
J[ETH 2, ERRHE- B HEDOHICH 5,

EE 5: WNEE
7 BHEEE Lz &,

- =87 (2.49)

2725 0. &2 T 10 d 2 WHEE (dual basis)| EFER,

Cj ZORRIBRTERT S S 258, IDH—MNCEZZ e TEDLS1TR 5,

(r7fu®uy7\\ FZTWBRY ML A B 2—HIZHET, 5 —FI3MAELET

Rt . ) . :
A= Aot 4+ Ag? 4 - Ay, B = B'#, 4+ B*0, +--- BYiy  (2.50)
DEIIEMTZ . NEIE

A-B=> AB (2.51)

D 5 EH DI FRICRS Z L OMORICEET 5 2 L AT E 5,
- S YL, T RREAS M AR ST

A= AT 4+ At + - AT, B = B0 + Ayt + - Ayt (2.52)
YRR L0k s, NEER

A-B=) AB, (i v) (2.53)
0]

35 T BIREN TN ZXICh-oTWS Z 2 ICHEE,

36 W, BffiolzrEyr 0 BHor TTIREMBEH A 3E>, 20 2RI DT, AW + - DBV
ATl 4 &SI, BRFBEOBTOTRTE LT RFLT, BT EAZr FEsEy bTHAZ XTS5 L—L
BELfHbhs, A A I3ESERTDH 3,
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DEIWC D, HIMERKEDL A, |0, -0; = 6;; L7250 SMHICHR 5,

Co,y WATOHEARZ bV DX ROHDRTWHIEER ﬁf%ﬁbfk@4&@;ok e
RIEETHRELTRZ M ERBT 2221, BAKL> TERETDH %, %xfméﬁ%(%@ﬁ
RIZo0TDEMBRIZ 5T D HRBIRIZo7D) 2REAT 2D TRED 1 THWITERT % EEN
7 bov) PMEFITH 2 LIZRSBRVDTH S,

245 EEZEZHBrEEDOETH

ﬁUV%%@t@@h%W@%@ﬁﬁao:1~}yﬁ$m£mfF%mbfmaAJ@Wﬁ%
(AR, TEIERD & (1,0) &L & (ERIZ 1T DAL T2), HEX v TEHLTWE AL X
ADORERER (o, 1) (LUR, NEHIR)) TUHZEZ 2, DV LAZHRL IO ODEEROMTO

JEREZHT ?Q 4
= x— vt ¢ g
(2.54) —
t'= t Oﬂ> ot x
— > X
YWH RTERENG, ZOBZEM (1,0 NOME~RZ O z
t t=0
ML% 28, +18 L& S, ZOoDMERE TRty O u

MRS E OV CRBLE b0 ThHME, FUMERY FLE /6 + 16y L RETS LT
%50:0@@@%u§5g5%@01m5#e{ﬂ {}zm FTBOEEA. O DRERT
FERTZ N,

o R LTS b BT EBIT S

A 7 R A
/ T v 28,y + 18 = '8y + 18y (2.55)

tmﬁ%fﬁﬁbjoo%m%w%@mawafﬁb\%m

—_,'\ ; > ét . éz _ 0’ ét _‘t —
emﬁ' Xz
BT T, FRGCEBIROHIE & WL
& 8y =1 & -8 =0,
(2.57)

’
& -€y =0, € -ey=1

i, bR ESHROEEDOBRIZ. W7 72 RTHEARNDZ LB TELN, 22T
RTEZ LD, (2.55) 12 (2.54) ZRATHUZ

lém + tét = (l‘ — UIL) éx/ + tét/ (258)
Ehb, rrtd MR RT3

€, = €,, € = —VE, + 6y (259)



Db, EIMTEHROENRS LS CEZET &,
éx’ = é};, ét’ = ét + ’Ué'x (260)

TH2 (77PN TVERERY ML HEBE X)), 22T, BEOHIE 2 — o BE#EEZ
JTW3 (i 2FET) B, BRI & — &y DAL EZITI TS (6, & &y FFAL) Z 2 IR
X

RO LR D 771

& =& +ove, &=¢&" (2.61)
BBV, EHRPETK S KO ICEZET L
& =& —v&, & =¢& (2.62)

L AMEN D, WAHEED 5 QLS B O (2.54) L A LTV CH 3,

> p30

18y + 18y = /8y + '8y (2.55) IR S & T B &

— p30

& - (18, + 16;) =8% (1/8y + 1'&y)
(87 — v&") - (18, + 18;) =" (+'&y + /&)

x — vt =2/ (2.63)

Y7o TIHDBEERORIC R S (8 #HNIIE =1 DRE-TL 3),

2.5 4im

25.1 HNEDER:2 Xt FTTVDOY YT N
CAx i
HVE (exterior product)®d 7z, ZODRZ M X BFEED, K

HEriE-T, HBREAIT—LIEBESRW @QRTTEAST—, 3RILT E EI
ERZ FLTHB), -:|i:_

[ spomsmmomiIEmiza b v B0ED ax b BNED, X5I0ikEER
LTab B NWDT2H, RZ AR FADOBEIARLS G- b SMERS \_ J
G X b LN BRENND B,

37 EE X EMHS>DT [VOXFE (x ) (cross product)) (K2 k> TFiLE A Zffiv, < TUFE (wedge product) )
EESBELDHD (RILMB3 XD RELLDZRUTREIoBbZMS ZeMBWN), Fe, MRHBRT PRI, LWHIE
KT IRY hILFE (vector product)] EMERZEdH2 (ZOMIHIE 3 RITTTOLEKRDH 2),
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2200 CFED OBEDIMRE. AROXSE (T osmson —
MFED L 2T TWREERY b, o 2H (M E b
HI2LW0WHEtETH2 (FTidRZ L5, F
FIZHER), 6

Nz P AORte LT, THAL & ML v =0 P
DOREDBHTL 2D, bDI B, a»HHET THML ConERS0N

TH5 b HFHNTL 2008 T4 . THRRIL T
B% 0 BT 2008 TR EZTBLEZOORFIBOER TV, HEHPHEET, FOK
DEITED oo

X
KBS &7gi

Bp 7
> g

NENT S X NENVY AT X

TR BONTWB DT ZABDIFRR T LWV, Jb¥EkD 6 A b 2 OMERD HEZO D 75
ZFANCTHR > TWVW5B, BRAIKEE D BHEL L #M E R0k, HRGFFO# (0% D) 2dbEek
TEFFEIREIDICE 2 Z 2o TWwW3,

BATRIT 2725,

E& 6: FTEEONE
IO THZ ODNZ ML a & b OAFEE

v@l

@xb==|d b, | ==£|a.||b] = |a| |b|sing (2.64)

TH 2%,

| TrmsEtE DD oftEmEE BTS2 ] n
AEOIE. d— b ERB KD, B2,

MREaTEl D DN EREfR) o~ A F R
FHIROESFFEA4RIT—B T3 L51cT 3,

WEIE = DDRZ FAd T B <A F RS20, AE T x DI DoDRY FLH KIS
[\ D KR D > TREDREDL S, FUAZRSIFERIZ0TH S,
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2.5.2 NEDER:3 Xt

3RO ENEEINR Y F SR, 20
MEZEFTIEIRBETREL L5,
MIEDEEFIZ D DN Y ML H 2 O
DERTMZE T L

AEE, RIGRLEE S TGDREHhe '
bOfEAL Y MARE L &, 3 \'

(-77WON)V?-\
3 RILDHE

DPECHER TaxbDHEE] 253,
ML WO FEORRTHZRZ M LD
M TR DFFTH 5,
TEOFALSEDAEABITH OFle LT, ZDDMBIEH 2, y, 2 55 D% EAT, MEH#iWT
ALI,

T W52 & y B AANES ) 2WS EfEE Tz 8E D oEls ¥ BELE (ZOEKRIZMICH =
RAAE XD 2 IO HBENC R FAN—2EF TAIERHD 2 LSICAEIT VWS 4 X—ITHEL TIF
L),

> T#hE Y O E R
) YsAEs >

Y#E Y DR 2 WA~ E @ EE

ZHAED D

T~ BT EE

2 —>TTH-oT.
€T —> ZTlEEHL
ZEITEE !
GEIZBZ B
AXRTEEITEE
EEZBE. Th
TIELLY)

ZEE Y O [EEx

TEARM D
YawAm & B9 EER

Kz dE W2, v EliE b obEEE Tz #Am» S 2 iihm) Tk Tz iame s « fFmE)
ThHDILIZHEFEEL XD,

38 2, BWUIZDIXEITFERDL D 5, BTHERK S,
39 TEODZODORZ MDD Z L E, L5 L0 FTRE L TRHOBAZRIZ TRIUL, ZOZDODRZ MLEEATWVWS
FPHZRF > T B3 I3HICTE 3,
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ZoDRT MLOAED AE S I3,

|d@ x b = |a@||b]| sin 6| (2.65)

TRHXINB, 0 IF=2DXRZ FLORTHATH 3,
NN P

Ad X b

@ x b| DEIFEH CRITHHD) BRIRIOPATIHOEBTH 5. H5WVED % AT HRED b
Y CEERED b AT (@ b OFENZHETHAD,

jd x B = |allb.] = |aL]lb (2.66)

PVIEEEZ LTV EESTSH LW (ZHIEHED @] THEDS by | OB ATROHEBETH H2),
2XTDHE, KD ICHE 2T (S0BE dxb) ORAIIIEL L, KEEDYTdar 35,
SN
€, x€,=1, € x&,=-1 (2.67)
THHILFTIChbrs (KEXZ—H 1 DELKOHBTHZ),
3HILDNY FILDGE .

G, X8, =8, & X8 = 6.,
- = - - - "
€y X €; = €y, €, X €y = —€;, (268)
8, X8 =8, 6 x& =8,

EWVISBRICR S, (2.68) X 1ITHOXZY 4 7V v &I (T2 ThdtmoXsEo5N 5,
p lxZyll, yZ 21 2% 2120 LWIHIEEC oy 2 0% THA Uy oEH) LR

ABETIEME > TORVY, & 25 &, AL £ RIRET L &, HIICHIHHED & 5 I %
RETHZLeH2 WHEHTIEDED RV, CCRETRELNS), K#EZETH->TVWEDE (B
FYDOHFATRD=DT) THEFRI, HDdbO%E TEFR LR, FFERTH, IMEOERD LAY
HEEEY 325813, (2.68) IZFRILIETH %,

W ODPDEHIZOWTHALTBZ 5,

40 ¥4 27V v (cyclic) &, MHE (cycle) 5L 253,
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fER 12: 3XTONRICEAT 2 EE

M xvidaedvedERT 5,

(2)i - (¥ x W) V&, @, v, W TIESN B FATANHEDAERIETH 5,
B x 7 = |5 - (@ - 7)°

() IFER»SHHEA S,

(2) OV TIIEHUTDEIRCER S, I x D 0,0 1Ko TEONIHEBEZRL. ZHEHNEZES
& T, OIS 2 @& Z2#HITWs Z itk b,

(3) VX |@ x ¥ = |i]|7] | sin @ & |@- T = || |7] | cos @ & BOHEIR, [sin?0 =1 — cos? 6 &\ 5 A
AN

FCAAZFANTNERZ PLES LOSMEZ 0 TH 3, FIULEOmEHBELE WS BkEE 2h
W, TRICAMZAWTNS 2 KOXRZ MLVOEZHBK 0 »oMETESZ X TEZLZRS
E0=07TH3)

Axb=0FDNadbbBERY MLTRWEELRHZ 2 L IFTEEL LS,

!%*Nﬁbw®ﬁﬁuomfm&%?&%:kﬁt<éﬁééﬁ\ﬁu%ﬁ@ﬁﬁt@émtbfFE&@mﬁ%T%
3] CRIRFERLEV, HWEHOBOHEIE Ta Z2HF %) &IC Ta TEIZ ) 22 TRREE2 (a=0 DHEEFRRL). L
LA (WD) 2230k, 2dZHACHIET 2 TE2) 20 HEREFEEL RV, ZOMEIZHAT
GESNZ PARDIZ G LAVEEIS EAERMECICR->TLES I TRhDE,

bxdi=éxd ThHaH, b#c
WSz (WESBTD) HHBZ2DTHS, ZORERND L,
Ax (E+b)=axc > T+b=¢

D& REESTFEEZ T5o0mD ) RoTLES ZLITRS,

A Tax) BEDSEIB)DED. b — i x ) £\ M) OBAFMEREELTALS, 5
3|d| =1 0BEroERS LT,

FTovdRARE LS, G eAEERSZE LD if
SRR X R YD W b\@}ﬂ%@i{ﬁxfbijo I

NEORER ixb=axb Fardbb, rdH <%W)@WMWW“°
REcAAEAE, BEXR M CELW (5
3 d =1,
CHNERNIORTEUTO L kS (p33 DX
TR RIAN—IF @ x b DEERRELTNED,
ZHLDOMTIEdDAMEZRLTWVWS Z EIZHER

)
fﬂﬁ(z) Borirs F)E ] \

ld] # 1 DHEEFREICS 5 —2DFEL M [ EHEBEARIET.
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Db,

[?@Cﬁ|ﬂ%ﬁﬁéo

N

(Ixd) #EDSHT 2N, BEROHTIDHICE 2 LN b L FHOBE L 1 5,
ABIZZD XS5 THER) 2RBT 222 L fibh s, WHTRNDE- XV M MEH
TEST 2,

2.5.3 HNEDIM - #EE - DECER!

HRIZOWTH ZDDERIDE D TOMESIMEZ LS, dxbiFwbiE [T VWSRZ M L% LD
HIENZHZMATESTEE ] DI L, b x (1 ZZFDMT Th L WHRZ MLk d DA HEMNA
THIMEE ] THH, TODEZHDOIEHTH 5,

Lo L. FATPAE O EBICIEEVDS R VDT, M EIESE LW,
LoT,

fEm

ixb=—bxa (2.69)

DAL T 5 (AHEDERITIE sin @ BB FENT VB A, sin(—0) = —sind
LHLUEDZ2EbD ), 3HKILTIIMEDIERDNZ bW E[ L,
2 RICDONEIFERERM RS T —RDT i x (bx ) D&SRFEITERVOTHESEINIZZ
b Z B EERHL,

3 KICDOAETREATERNEAL D A2 2 Wil —o BT TE Z 51

&, X (8, x &,) =0 (2.70)

TH2 FHMOF D &, x &, 30725 5)2 —7,

(6x X €y) x €y =€, X €, = —€, (2.71)
~—
=&,

i oTOTIERWY,
SELERNZ. ABICOWTHRALT S, RTEL

SFED I3 ELEER
[ Ax(b+d)=dxb+axc @7@]

ThHb, =DODXRY FMILERDODKD ESICEZ XS,

41 FERIDE D D Z e BRTEHI—2 DD IoBEH L TH XX (IS D LR WEERH 2000 LARW) TH BH,
DL NZ e BIRT DS, DR WEIR—DHIUIENT 57,
42 ZIZTH, RZMABERZ PV THEILRHIC=0 KT LT3,
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a.é
7 FFVDY >
N b+¢& e )
\ ) 2 RICDHFED 53
[irveNEll
N . N\
N S
S~ _
\ %&ga%m@tot .
BN 0 CBEBTECENTETNG,  \_ Y,

AR S & ZICHAEIREAS LT 2D ICEERKTDODATH 206, KUV ) 37k
H (@ WCEEREANDHE)HBHRLTL 5, BEREDZ | 223 TERTL, b,8 & (b+76), @K
DO (LoXZ ORI HEPSRTA L ZABZIEEW) DX RBRICH S,

a (b+2),
EL ‘él

EoT, (b+) L Eb, +7, LdBIB L ICHELLS, bbb RET2) & H¥ET3 0
IEFIZ LB & HETHRRIZFLTH 5,
a LPATBRONZIME R IATIHA T L E 5 OT, BRI 2RI,

Ax(b+0), =axb,+adxcy (2.73)
ERRETITH %,

@ x b = |@l|by] D &S BRDBRIT 205, (2.73) KHAZ =207 M LD AEE 13,

—
o
‘@ﬁWX( | Wi,

by

ZZ;/

DEIB=ZDODEAHOHME 7225 ((2.73) DX S5 REBEDKILT 2 DIXEHBEXRZ P LTT

37



HoT, HEOKREZIZDH DI LTI LRV I 2 IZER),

—FLEDORNTR L =R OWERE @ x (0+0) L& [ax (b+)| L BNTHRALMETHZ, 2L TE
NZNDORY MDA EFHEDOERO FA M, FHADRLIZVDE, (2.73) BRI T 2L TH
%, 2% b, AHEOSEEINI=AFEO =2 OMH DM T 2ERNICH o TVWEDTH 5,

CORIWIIHEEERD H 5, ST TRKEIPEEICHAIL., ZOHEBOERAFMZ L NT b
V] THAH, WEHICBOTHEICHA LEICEERZEE WS &, IKFOKE, H250VIEEKHFDORK
FEREREVDL, DEDZDDRY ML (@ x b,d % ¢ —d x (b+DHE, #ik L= =mkaks
KRG SZWFBENCHHIT 2, KERKRKEDOEWTEHEHT I IEHD 2RV, FHIZH
O = () x (HE) @EohH5133TH%,

BRMLREITETHHRELTEBL, ZANRELLrLREKTEZ X5,

(5+€)J_ axc

ax (b+@)
by L

ZoDRY MV, L, (b40) L BEMAEEE 0T WS, dxby,axcy,ax (b+7) L (@xb,axd,dax (b+7)
ENVTHREL) b=MABEIES, p3d THBREESIT, by 225 axb 2D 3L VWIEHEIE TEhs
RCRBERHE D 12 90 FEEI LT, |a] RHNT 2 M e woRtEIcz 2 (RIE | |d = 1) oBaTHV).,

CL 0+ B L THRABD C L REZBDT. dxbaxc,dx(b+0) EVIRZ FMEBwAY
MorBHIC=MAEEES, AT, (2.72)0FEHATE 7,

— p36

2.5.4 NROMORTCTOHEEL

QU
X
S

. L . o (= 0,6y + 0,6y
DEIRRIDBOLS 2 B2 T, 2 KTTRT MLE | : s RN
b=0,€z + by€,y
ixb= (0,€5 + ay€y) x (b,€; + byEy)
= ,€; X 0, €, + a,€; X b,€y + a,€, X b, + a,€, x b,E,

=0 =0
= a,b,€; X €+ ayb, €y X &,

= agb, —ayb,

DEIWHEDPFHETE S, 2OTOMEE WIEFTEIZ, X7 P LD
TES2¢ Il y ooz, fIEE2ZEZATRET) LVWIRITK D,
MHMEICE, B CARDERESN DN ZEROWHT Y, b, DX S5 RIHE
PHTZRWZ L ITHENT A9,

43 BREBEPFPUIRFEE UL DIBLEZDIE,. IhDXEHEHTHICERE X5ICTHB, THT, IXNTOXRT MLOFID 012725,
44 7=FEL. ZoBFED TR 13 dorEE b,
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B . \(7 =a,6;, +a,6,+ a;é’zﬁ\} B .
ZOD3IRITTRY PV (- : — OHNEEEEITET S, 7

‘ b= b€z + [)z/éy + b"é’z,,‘

.

ixb=(a1,6; +a,6 +a.6,)x (b€ + 0,6, +0D.€,)
:(1zészzf—5;+ 1,65 X byé'y +a,€; X b.€,
+a,€y X b, €, + a,Ey xb,€, + a,E, x b.E,

+a.€, X b, €, +a.€, x b€, + 1.6, xV.€,

Y3, BCAHRZEWEZRTZ FLES LOABIZ0RZ 2o THEREIAEHL T,

(2.68) % - T,
> p34
30y €y X €y + a,0.€5 X €, + ayb, €y X €,
8. -8, -8, (2.79)
+ ayb.€y x €, +a.b, €, X € +a.b,E; X &,
~— S~
&b, &, 8y &,
R 13: 3 ToNE
i x b= (ayb: — aby) & + (azby — azb.) &, + (azb, — ayb,) &, (2.80)

EWVWSDOPEZTH %,

:®;5Ea5®ﬁﬁ%h%hmomf1%@ﬁ®%f%ﬁé#%\%Em%ﬂ@%ﬁﬁﬁéz

— p25

2| (i + Bb) x &= aii x &+ b x ¢ BHWIFT X 5,

T SADENRDH>TIH 5 ITHbs LTHZAZ2D LARVY, TOEHEZ—EDL—ILTIELNRT

Wd, BITRTRHLITD &5 & T T,

TOMIE, 2 DED 20 2D FH 2 DX BHBRBEICZ > TW2 EEoTRTINS & L,
BT OHAMED RTHEI S5, IXRTOHEHZ 0, 0,8 LWVWIRICHRoTWVED, ZD N ERE
G z0pg) KR 2y, 2 LT OA-TOVT, T0=23=203) 2 Coey—z 22 WO ERED & & (2y2

OHEH DL &) 13ZDFE, Comy-r b WIEFDO L & (ryz OFERO L &) 13~ A F R

BEOUFT, BT EWVWIEHEEZLTWVWS,

45 1123 OMER 2k, 123 250D THALORBEEBEEITS ko ThED DI 2MUTDZTHS (FF
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[y P WO ER) 2IE. 2,y,2 DENDLLHEDTH VWD, REHDIEFIC =2 % BT 5.
PWOEKTHS (BfEBVTCLES I, o sy =22y —z—a08 20—y THDB)
HEZWVEEDRD L SICEERZ b e XRZ MLDRT®
WART, T2 6—2FTOBATHIET 2 [EEEODIE
FEOr =213 +1, FEBOBEFEOL 21k -1 2#F 2, 2w
N— M L7 TABER TR TOMAEEZ R LTV HRME o M,y _JMza
BT ERAHTH 5. LEZTH Eu, bz by b

-1
-1 +1 ol

g, &, é.

25,5 LJx - FEXELS

S (£ LTIhd o faciT 217510 2RET 2 DI@EMNLLSLLT, [LIs - FEX
i85 (3 k7t) (Levi-Civita symbol(3-dim))] ZLITD XS ICEFRT S (7KL ZDEFIT 3 KT
DHZETH5),

E&ET: 3RTOLT 1 « FERES
1 0,5,k 1,2,3 DIEEHR
€ijk =14 —1 4,5, kA 1,2,3 DA EHR (2.81)
0 Zhlst

CDERPODD D KD, € 1 IWF 0,5,k OFICFEATCbONRH 2L 012D (2 e113=0).

R 14: 3RTL T« » FEZESOKE XS

€ijk = €jki (282)

RO (MANMEBIATRE D D2 23T IiERETE 2), D AS>IRTFEMDEZ 5 L FEH
JELK.?IZD <€ijk = —€jik, €ijk = Ezkj) 0)03(%%75) gﬁﬂgi?‘fzé%ﬁ’ F?E D OVCL\EK/‘Y?%% (ka D g
k) BFAKKTHZ, I

€ijk = —€jik = €jki = —C€kji (2.83)
DESICLTHERTE 2, 2%D, LYy « FERABREDRFRFDOLZHUIH LT HRMIOTH 3,
ZDREEMHoTEL &,
(@xb)i = > € kab (2.84)
7,k

HEITRE D22 DNEEL), 722 2132,3,1131,2,3 -5 2,1,3 - 2,3,1 £ 2[ETEE DD 2DTHEER, 3,2,11F
el el
et et
1,2,3 =1,3,2—+3,1,2 =+ 3,2,1 £ 3[E T DDOF2DTHBRTH %,
Y N et
46 TPLTHRALTHZ & FF, RT3 /HEPELD S EIZFRIL) 2 & TR 255,
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YELIENTES, EEli=1 OBERHELTAZL

-,

((7 X Z))l = 6123(12[)3 + 6132(1,3[)2 = (12])3 — (1,31)2 (285)

73 (2,3 BEA).
ZORLS R - THMEZ RILT 5 &
3

ixb= Y €péab (2.86)

i,j,k=1

€, €, €,

172 %0 €y BHNITRTERIED, pd0 Ifiiv 72X (? W f) DERELFAL I RDTH S,
T Y z

-1 D &

NEFF 33502 75 o 72 23,
E&E8: 2RTODL T+ «- FERES

1 i=1,j=2

€ =9-1 i=2j=1 (2.87)
0 zhbit
o T, 2 XLOHNEZ
= 2
ixb=Yeab (2.88)

i,j=1

YELIENTES, brobEosTUTHDESHF2HoTEL b,

- 1| |0,
axb= {a,l. (1(,,} [ 01 01 [;’1 (2.89)
- Jy

Y% QITDOLY 4 c FERELERITHTRTIEDBTES),
TORBEARTUEIRZEIRBZD? —DRITHEDZD,. FRET o BTEZ LS,

2.6 MR- HMEORT

BR15: XU MILORAS— 3 ERE

a-(bxd)=b-(@xa)=¢(axb) (2.90)

PWVWHIREEZ LS (RZ MAL=ZD02 0D o> THRENRAH 5 —HDT I DLRTTIER),

47 MRS 20T, ZORE (bx &) -d=(Cxad)-b=(Gxb) - rBENTHRAL I L,
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ZORUTIFEORNITHI W & 5 BN E®RI D 2, =
DDNRY MV d, b, ¢ DRARRZ - FAFREEREZEZL S L.,

bx @3 bt EED HTHOROTERMORE S 2Hb, 20 ii
FERO B Z NN ML TH B, Ty d DNEEZE -
FAEE G (b x &) 13 b x d] eV ERRIC, |d]cosd (01F
QY UXCDAE) L WHEIRMIELDTHEhE, &
D=D2DRZ PV THo T HATARHEORETH 5, Lz
JEHICEATHHBIFABICEHHRETE 2056, D o
LWZedbbhrd,
%2 Z oI,
a-(bxd)=(@xb)-¢ (2.91)
~— =~
FEICEHE et A

YWV A ICEHBEDIERZEE LT, 20 HRIZEHE) OFIE,. %65t
HE2HEABEEWIL—AnH2eEIXNE. (ZOXSBBIEL—LD
JEIXBITB) EEFEHIERLTVWEEDBE X 5,

= —
|
b >< C :(DBE#;EEU)
&@#nt | b x ¢
-
| —
| C
.
_)

/—770®Uy7\\
2% — 3 EE

I\ (R 2-6) mgm#$ﬁﬂﬁ%@%FT%é LRRBLT, @b, dRIGAR
D%k nf%fﬁ@u{]t} J:

TH2%5E, ZOMHEIZ0CKRS, T

EY b — p212 N @5 — p216 ~

(2.90)D=2DKXx LV 1 - FLXDFELESZS % S HTRHT 2 &,
— p4l —
a- (i; X C) = Z ai€ijrbjicr (2.92)
ijk
(¢x ) Z bi€ijpciar (2.93)
i,7,k
¢ (ax 5) = Z Ci€ijraiby (2.94)
ird ke

&%,

D ORUEFIMHE o TWBERT (0 BEI-RFROT, IRFELZ T &0, 2FD

Y (AR rENTH

’ NERZED BBV, ChEfioT (2.94) D 2fHE L 3 HEHOXD

SN GrArh); e BT

j
ik BEEZ B L,
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QU

. (6 X 6) = Z (I/,G,jjkbj(:k (295)
6k
i—j, =k k=i R
/_H
. (EX (_i) ZZ bjﬁj kiCLQ; (296)
i3,k
i—k,j—i,k—j & ER
—
(@ xb) = crerijab; (2.97)
0,5k

S

o

fijka'ibjck

DESIT, a,b,c iHORFEFEIGELLTRREOHEE { ¢, b, LT3 (DFD. abed

€rijaibjcy

NFZfA2) ZeBTES, LY 4 - FEXELBR

€ijk = €jki = €kij (2.98)
%ﬁtﬁﬁa\:hfgﬁpﬁﬁﬁt:zmtéo
iz, HEZE AT S EHRICE T 5 K
ER16: XU MLORY L 3 ER
ax(bxéd) = (G- ab—(a- b)e (2.99)

BRED. FIVMEICKEZRWTEZTA XD,
— . %
bxc S
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ﬁﬁﬁ%fﬁh%ﬁx?@ﬁtF%ﬁ@?ﬁ@%ﬁN7FW(E%FZE FTTVDY YT N
AVEEATE XA IHECAE) THD, dEMRTH2 dx (bx ) N2 PAD 3 B
i— (bx0) e AAVEETE 2 IERT AR, ZORMBIED < op
YREICHEZEITELS, BIZORZ MR ZOFHED FI2H 3 koT T
ZDEE., BTRDBZER B,y 2H-T

ax (bxd) =pb+ne (2.100)
YWHIETEIT S, ax (bx )3 a L dBETH 2 L 2MHS &, - -
Ba-b4ni-c= (2.101)
THBDE, Biy=(a-0):—(d ) THb,
ZITB=a(d@ O),y=—a(@-h) LB zrIicLT,
ix(hxd)=a ((dﬂf— @@ E)ﬁ) (2.102)

FThhr o7,

CZETRBMETERNDH, EIWVIEERTEZSIPICLSTELVWATH 2, &K%
ARAE o Z KD B0, T TEEREHRETAILICLES. XTZ ML dDAHIAIC 2 8% 2 - T,
a=1(0,0,a,) &F 2, T2ELELAD v FalZ

—a.(bx &)y = —a-(b.c, — byc.) (2.103)
Yieb, —HAEHAD Bk (a-c=a.c.,a- b=a.b. BDT)
a(ayc.b, —asb.c,) (2.104)

THb, AHNZ L a=1Dbnd (yEI. : B2V THZORXDELVI IZT CIHERT
&3,
LYy s FEREE R LHETH, ZORBRTIENTES, dx (bx ) Di B

Zeijkajz 6]«/77,:1;}/”,(7:1 (2105)

Jik
~—
bXED k Sy
ERTIENTES, ZIT
Z €ijk€kmn = 57m5jn - 5zn5jm (2106)

k

ZIRT ZEMTE D,

18 ZZT b eNFfTRo7BEILED? ] WS HRKIVEADB VI hS LAKRL, ZOBRE, [bxc=0Ens,

COBOFEIRAE L EES N, LA LZOWE, 45580 (G-)b— (G-0)db 0 TH2 (Z0Z i é=kb | bRATIZT S
WCHERTE 3), Zh6Z0HETHANIIK D LoD TLELIIE W,
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e N

[N [ 2-7] 23

€ijk€mn =0i00jmOkn + 0im0indke + dindjedkm

_5i25jn5km - 5im5j26kn - 6in6jm5kl (2107)

ERL. kL LRELCLTREL BT L (2.106) BT 3 = & 274,

EYF — p212 N @ — p216 A

\. J

TH5LTax(bxd) i

Z af‘jb'm(j'n, (5z’m5jn, - 51'”5,;‘";,) = Z (@,‘bifi_,‘ - a_,'b_jfii) (2.108)

Jym,n J

Y%, ZHUF (@A) — (G- b)ED i RO TH B,
RIZHME e SAFEDONFEICEE S 5 5K

(@xb)-(@xd)=(i-&b-d)—(a-d)b-2) (2.109)

be

BRZ 5. (290 85T, i
(@xb)-(@xd)=¢-(dx (@xDh)) (2.110)

Y ¥ 5, dx (dxD0)12(299)%E21E. UFEE5,

— p43
= ((d-b)a—(d-a))=(@-)(b-d)—(@-d)b-7) (2.111)

(2.109) 1. (2.106)Zffo THEHIRT I EHTE S (M a;bjc,d, ZENFTRIUT W),

— p44

BRIZUToRZRE 5,

HR17: vaEESER

Ax(bx&A+bx (@xa)+ex(@xb)=0 (2.112)

AEFRIEA T D X 5L TITRR 5, (299 %25 . ZoRXoHIC a R CHMHZFWIZIEDS D,

— p43

Ux @x i) reks —(b-Di e .
! L BB, CHBHELES Z bk D, b, L AL AREAN

Ex (@x D) hHKD (D)

49 (@-b TR @& CRAREDS Ta b b OXI—DFRFRELBF LN TWS LEBT 2, /. —(@-0)DHTIE
fla 2 bDEI—DOTFRRELETONATWS ) 2R3, FI-—DFFHELEFOATWE Z %2 &L (TRE) 2 TH) ¢
FELO THAEATHS) Y ERBRT 2, ¥2 (@) T Th Ol TRV L, —(@- )T Te oflizih T
BVl EE D 7

50 RURE, |(@x0) x4+ (X3 x i+ (@xd)xb=0LHNTS Xl
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HIZOWTHEBRZ DT, (2.112) 23 D 2D, AEICR S 3, (2.113)D K 572 3 DDIHIT 2 JHH

— p46

BEMTIEELZEZ THREIS & 01245) HFORXDED oL &, Z4ud v IEEFER (Jacobi
identity)] &M:IN 3,
(2.112) 1 EDFITRIRICK S LD ICIEFEEZ 5 Z LT,
Ax(bxd)—bx(@xd)=(@xb)xé (2.113)
CEEEY D,
ZORIF. IR LT ax L WSHEY bx LW HEHEEZE, LT L 212, EREZBL-IIck
ZFED (A x b)yx L WHEEICH D, LE-oTW5, 20 NEETZHET 2IHEZ LR THAEZTRS

BiEE LR ERTHE L TR#B%R (commutation relation) F 7213 F (commutator) |
LIS,

EFR 9: THER

[A,ﬁ]zzif-fﬁ (2.114)

BAIZfFEVIEDDDIGERS,
A(éf)—ixﬁf)z[f,}]f (2.115)
THhd, KPEBROKILZMES &, (2.113) I

-,

[Jx,ﬁx]az(axmxa (2.116)

LELIEDPTES, YavrlEEXDR D LD id, TZODHBE DL GHR, Blo I X —%%
o 7=FABOHEEICK 2] WEDBERS (0,0 ¥ OAEDOLZIBRIEZ 0 x b £ DAE)) ZRLT
W3,

2.7 FEMR - AR NI ML

(=) YFRTREARZ ML 2o TRIBEERBRT 3OV TEL TV 5,

2.7.1 2XTORFE - NELER
2 JILH FOBEHERRTET AL LT,
(WHER ar + by = ¢| (= ZNEMETHOEEHE 2 T2 EHD)

t) = kyt +
@QEAZRFR O (R L EE EEE)

Yt) = kyt +yo

51 ZOXRMBRE WIEE, BTFHFETHET 5,
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DHZ2, uINLERY PV EMESTEEET I EEZLL D,
N ERFTRDTTE o,y RADBMARTEZ L TVWEDT, $CIRNT PLTEZET I ENTET,

T ky o
- oo o -

R s o

T k Zo
B, ThEELIPEFR kt+@o 250, Ry MLE= {:x] BEMROH TN JFH%E
Yy

KIRZ VT, ZOEMHRD FANYD KL (direction vector)] EFHIN 3,
ENZERER» OENER (7 X—=%) t & HT) e BERX ar +by =c BELNZETTH
2, RZMVOFHE (W - S 2HoTRoTH LS, [t 2HT) 2o, Tk b NEZHR-

LIHAD ESHRT M BROTTHEZIZ ) £V

S ~ A (=_ 3, =
g RS, $HbB. kL k=01CRZXTZ MLk y Z =kt + T
ar +by =c

RO T,

Nl

=k - kt+ky T (2.118)
\/_/
=0 Yot /%

DESKEER T2, Tk eAEERZ] WS EE

Txk=kxkt+Zoxk (2.119)
\/-/
=0
- [=2] » 1
= | lk= |, oBa
—— TR E {Jlu M 5 A
B 1ONEZMS FIEZ - 727 513, TN TW3,

EJ_: [Z‘| VC“]_C'J_fOZC t?%:tf

(2.120)
MHHTL %,

HoONERMS HikE Mo o13 k= [_ﬂ T Ty xk=cFTHIFALRLH 2,

DF D, EROHER ar +by = c|DfEAE, X7 ML [ 1 Y RZ ML [ 1 DN 72 EZ 3

TEBTEDLL. NZ bV

‘ab] r H Y OMNEE 12D EZZ I B TE 5,
)

52 BNEBFRTIE, ¢ PHVEET, 2,y 3t 2RO D2 eRED, BETHZ (ROT, aft) DEIEL), —H (1) DFF
BT 2,y PEE 72720, Z2o0ZBOBICHEFRESDVT W5,

53 ZARSICHIFENTIZERY MEMSHERDHZ LWV b DT,

54 YT XLfHS ., FHEREHO L 20N F =5t + 7 TH 5,
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HENZ MLk b BERZRZ bL K (5054 m Tholz) EZDEMD NEKERT ML

(normal vector) % ¥ BE3, K, — m L¥at. THEBERTENZ MAO—FlE k= {—ab} T

H%,
(2.120)1&. WEODELERNZ - T

ki (Z—%0)=0 (2.121)
PEXETILNTES, ORI Tk L 7— T ONFEN0TH S (FhbEIDDODRY LM
BT 3)] L BRTWB ZITk3,

a

FTEIRZ b h [_b] THZILERDBIIE, 2HLORTZ "L THD m HZT3RITERY

% H 2L T, H YHAEERD E WS HED D B,

ol - [ -
U

f@éo::fﬂﬁ@@%%ﬁﬁ?étf%%ﬁé&ﬁxﬁbwu[b]mméo—1%maotﬁﬁ
—a

T, FEERZ ML TH B VWS HHEIZZED SR,
}?5ﬁﬁ&ﬁbw%ﬁﬁ&7Fw%\Eﬁ%(o%%%()Lf%F%ﬁ&7bwfﬁaﬂfﬁNﬁbwT%éJtm
SHEREDLRW L REBELTES S,

AR PLOFIE, ERBERBR KL (F—20) =0 L WHIRT kL ZWERBEIN TS (FIF0705) TORE
EWITD R,

HERZ b LD, EFRe RN Tt) =kt + Zo ERAUE, EBAMEINERE, t LS HEEOERY 735%{%3“
FOUE Sropal DS W A

2.7.2 BRI LI
(BT DV T, 7 TH 2 2 izl L0 (ERTIER) ORI

r= (1 — f/)fo + ¢y (2123)
YRETEZ, HANRYZ MAD k=7 — &) ICHRoTWREEZBZILbTED,
Z ZT. FFCHMn3, t BITRTOEKTHIULZ ORUFERREEK T,

0<t<1DHFFAICRZ L FIEXT MDD Z, 7 THS 2 REHIMIT LOR) 2RT,

55 EEZFRT Mnormal) X MEHE YIEFALZIEM, 2OV EEEMS Z2ICR->TWBEDTHHA RV,
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2 RDEM (i = To1 + 01t &7 = Too + Tos ) DRHERDZ1TUE. 20 2 REMLHRERL LT
X RV, TR EXORZ PARREBF- AR RBELIVL, £95|2EH2IT- T,

6 = f()l — .fog + ﬁlt - 172.8‘ (2124)
855, NIRX=&t L s ZRDIVRS, LORE 6,0, L DIMEZ ZRZNH- T

0= 171 X (f@l — fQQ) — 171 X 1725 (2125)

0 =175 X (J_,“()l — 502) + Uy X U1t (2126)

&%, \lev2—0\7ltofu_kb\_tt%ﬁ%i?) ZITRRVETREINT s BRE D, Thdh

amiatzwx?m*“”ﬁ:”““%lﬂm)%m@fkﬁxbt s

\ Uy X U1 U1 X Uy
S o _ U X (Zo1 — Zo2) - | U1 X (Zo1 — To2)
=210+ V01— 5 =T +tUV—5— 5 (2.127)
Ug X U1 U1 X Vg

MREDMBERY ML TH B,

LN [ 2-8] (2.127) D o DHENR D IO Z L RHERE X,

EYh o p212 A — p216 A

273 =BT

’/'

{2 b 7

—[“L@—[“L@—[“}f%ézo@ﬁ%@ﬁafézm%uomf%
Y1 Y2 Y3 )

ZTWZ 9,
3ODWFIEDPHED X 512,

G=f—m =27 ", (2.128)
_yz o yl_
b= == | 0 "2 (2.129)
| Y3 — Y2 |
G=F =T (2.130) N
Y1 —Ys NN
DIEDNZ MATRHAING ZLIH D, ZDLE,
i+b+c=0 (2.131)

DI DALD Z L ITHER K

56 ZIORZDIF2EMPFETREZRDT, KEPKRESLRLBR-oTHZDIXHARTH 2,
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Moko2 o il ODERTHZTHEADS, B2 R2ME 2C eRBTHILICTS (4
£ A B bER) . A C D sin, cos IZBELT

@xb=absin(r — C) = absin C (2.132)

—

a-b=uabcos(m—C)=—abcosC (2.133)

MDD (Zhd, AF A BIZOWTHEER,
A OmHE. MEERHS &

1

25X4:

DESWIWEYDHETREATLZZLNTES, ZO=Z20KHENPFEL VI 2IZ,

—

1
§=3laxb 12 % dl (2.134)

DN =

ixb=idx(—G—d)=—axXé—dxa=2cxa (2.135)
——
0
. - be
D XS IHEDOIE P HATE 5, 7, (2.134) % % THB L,
28 1 0. - - 1 .
— =—axbl=—|bxcl=—|cxd]
abc  abe abc abc
1 . 1 . 1 .
=-—sinC =—-sinA=—-sinB (2.136)
c a b
Lo T, IESLEM
sin C _ sin A _ sin B (2.137)
c a b
PHELN B,
RLEHD T,
A== (G+b)-(@+b)=d-a+2i-b+b-b=a®+b?—2abcosC (2.138)
~
_ . . abcos(m—C)
DESWCLTHEOADPSEL Z e TE 3,
27.4 HeRI BRI
ME EO—RONMBENY MLk 7 FOHLOMENRS L
Ty, g =
r €r—cC
|7 —é =R (2.139) —
C
H BV
(i — &) (7 — &) = R? (2.140)

MZ D7z T RETTEXTH %,
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b ahe, HHERBELE T2, ZOBEIOLME B L THE. ZOHOMENY FLIE
C+RThHs, MORKMADMEIZE— By b EL Z LA TEDZH, ZOHAB YR, MELICH S, ML
TOHBRADBKD IO L IF T CICRT I LN TE 3, )

Gﬂ48+éﬁ).ﬁﬁ45—éﬁ>:o (2.141) T /j;;”',rmmn
/7

IRERTICE. AAT—ICHLTELES TfieED 5
HIZFEHDE (a+b)(a—b)=a®>—b* ] D27 P TH
2 (@+b)-(@—b)=a-a—b-b GEHZTSTESD) 2ERIRL V. ZOR (2.141) OB(TEHE
BRIE (07— (C+ Ry) & i — (6— Ry) QERT 2 T ZHIHELICRER v TEEICHT 2 HEMAIE
A (f) TH5) LWETE S, BAFMCHTS 2BHERE, X7 MLORSS BT I EATE
%, ZZT RZMVTHET 2 e 212, B —H—E2HET B3R RV (2 21X E K
TIUX, ZD oz FEREY y BAEEZHAEHECTHE T 2HEZIRNDTHS) 2V HPEET, X7 b

NTRLIEE EORELEHETDH S,

2.8 ZEADOEF NI ML

2.8.1 3 XTZERDERR

2 M DO ERIIATED@E D 7205, 3 KIL T, HART M 2o 727 DRBE, £DF W
ZEOITHER IR KL,

x kst + o ko X0
vl = |kyt+yo| = [ky| T+ 5o (2.142)
z k.t + zo k. 20
gl " Y
T k To

YiBe L L. ERARZ ML Zfo72RHATIED L7080V, 3KILTIE 1HERT FAICEET

HHEEWBHEL FRDTH—DICRELR VDAL TH S, 3XILT TEHRZ ML @S EE—D

RDZERES | DlF. KISBRZFEHTH 3,

3HICAT TER ZHET I 208 VS, FORIFZ T — 50 =kt LWVWIRICHEIZ DS,
T — o Y—Yo Z— 20

t = - _ 2.14
K ky k. (2.143)

DIt ZRDIZREE>T—FLED t = ZEHITIUL, XL fEONZ 3T TOERORICK S,
tIEBELTLES7DT, ORI 2AKDERTH 2, 3KCEMT2HR8ORIC K SHIFZIMZ =D T,
WARITTIE 1125 (DF DD,

57 Wﬁfdﬁ<ﬂﬁﬁt\U6+Qx(d—®:6xa—bxﬂku&%f\(E+Bx(a—5:25xat&éo:h%ﬁ
HIzs<CTE S,
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2.8.2 3XTEREAOE

BECHiARTz X512 3 ROTZEHCEEDOBIC—2 0542201 5 L. #RIIHE (2 RTOFE) 2R

a To
%o 3RICZEMNTIERRRZ bbii= |b| Zdb, DD o= |y | Z@E2FHDAFERZ
c 20
€r — X9
{a b c} y—1yo| =0 (2.144)
zZ— 20
i (% — &) =0 (2.145)
axr + by + cz =axg + byg + czg (2.146)
|

d

TH23 (LOoREARECE®RTH S),
I Y =2 FDELEE DT -

|7 — Zo|? = (Z — %) - (& — &) = R (2.147)

F (TR <) ks,

2.9 N RTADILFR

IO —rciE. 3 XD KREVWKIT (N KIT) ORZ VLV OEEREZ A3NERDH B, N=47125

xT

Y DX 4 00MHERONY MLEEZLZRELE LI, 3, A7 —HICELTE. 2<F

| ——— |
e —

z

t

RIS Z e DM LTERTZ 3,
NAE D [FIRR T

R

N
Qb= ab, (2.148)
1=1

D& THGZ e OO TERSI NS,

MBIIAMET, 20T C LD (RAF7—8). 3RILTIE 3T (NT b)) THo7 L HITRIT
WX TED S, MEDHKATH aib; — ajb; LWVITETHo7 (FUTROVIET i,j 2 —DRNL I
DEADB—ETES) ZeEEZD L,

E#& 10: N AT THEXIABOESR

—OXILTHZ B THHE) DFFERERIZ. BREP2lH 28 (7 VL) TH2S,

Cij = aib; — a;b; (2.149)
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@iiKE%?%itK$U“N%ﬁfﬁﬁygigﬁ“®imﬁé’Zﬁb# NIN=1) 1y

RIETE 1, 3XTCTIE 3. AXTTTIE 6 TH 2, WROAICIZARWT L, 3 KT Lo Zef % B

PRBHEID B NS, N RTEOHT TEEHL 2D s 5 2 B TR LY
THDOANTDH, 20T 3HRTETEBI1ET),

RBETE A EEEBEASBVD, (RAT—RZ PABEATLS LD EVER)L LT N

TILTHMHZ % Inform] EWIdDHRHH, LD INRKTLTHEZ 258 13 T1-form ¥ 1-form 2»

5 2-form | HAEBEHE | TR -oTW5,

210 EXRFEBRE

* [ R 2-1]

cosa+cosﬁ:2cosa; cosa_;ﬁ (2.150)
sina—l—sinﬁ:Qcosa;Bsina;ﬁ (2.151)
tmvf#%é#\_hm[wuﬂk @”ﬂ@ﬁ@&&
sin a sin 3
bankanzen L comromms T cascvemnrs. 0< 2 < T onac

omf\i@ﬂ%%%m&&bw®ﬂ%%m19®_t%%ﬁ%;(L@&&hw@%éﬁg%5%1
TH5235)

bY b — p228 N fRE — p229 A
K [ [ 2-2]
[E S PRI TR 2€, + y€,
MR ATl re,
€,,68, WIIHFTICHIFRICHMFEL RV LA L, € E o,y KIKFELTWVWS, 22T, ZOMETIZ
Et) tHELZLITLE D00 WEDBIWKDMIED Pt) = at)E, +yt)8, B Pt) = r(t)&(t) D&
SIEINZ L E, Pt) Dt ICX WO % —ODEBRETRD X, EYh o p228 A RS — p230 A

P EDORT b, LBIND, DED/ & = 8, + L&, THb.
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FIE TIDER

=) F1HETEIo2 UTHloTIARDBD) HMALED, CORTEKNICESE D 2ITHIL ZDHEFAZERL T

> pl

WwZ 3,

(‘

3.1 TAINRRTHD

3.1.1 1 XRRUCKLBEHABEZ1TIITRIRT S

12 fiTE Rz, NAROBERD L5 %5HEEZ (DAZE A+ F% BEES tEZT)

— pl

100A+4-605= 600

(3.1)
A+ B=38
EWHHEHN 1 XA EZ e e EHZS, ZoOMBEEZE 10 MHOEL H5AF
N A g U = 4
100A4+608B+30C= 600
(3.2)

A+ B+ C=8

DESWEDLD (XL BAEZEDEE CI2LTz), BRAICIOMEZL ENR—E TR\ O, 25
BAEZLIWEDESICHETEZZDD, LWVISDESBEZTVEXLVEDO—DTH 3,
XHIZHAT, NFF, L BAENZFNEN 40g,80g,10g DEXNH 2 2 LTEHT kg HS D7
3,

100A+605+30C= 600
A+ B+ C=8 (3.3)
40A+80B+10C= 1000

CRIENEDLE7255, ZThODMEIXIRTIRAARATREATETWS, Zhs =202 2hzh,

(3.1) - F? ? 2 :F?L (3.4)
A

(52) - F? ? ? L;:[%ﬂ, 55)
c
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100 60 30| [4 600
(3.3) = 1 1 1||B =] 8 (3.6)
40 80 10| |C 1000

EFEVWTLE S DWMTINC L 2 RITH 2,
IHNC L 25 HEARZ PV ONEDFIEOE DB LIZZ > TWd, 7z X EOmEDHIL,

1
1

A

ﬁm 60 m]B =600, (3.7)
_C_

ﬁ 11}3 —8, (3.8)
_C_
3%

[m 80 m}B —1000 (3.9)
C_

VI =200 IR A HIRT PALONEERS ) EWIETHREZ=DOXTRALTVL LR
ZedTED,

TOWVSHPAZHNTWS &, HRTETOE6R20 RIS LAKWS, 2RI E5A 1E
I DEBETDETD S, RS 2 L OBBEMICLBALES 1, [#E|x AJ) = )1 0

ko, Kokt TAJ) e THI) OB TL 3 Z2iiH b, LOBFITIEATINDAZE -
720, MOBEBEE 7D T 20, bo b HMRBICR->TH, ZITEXLES REENIHZ 2
BNDH 5B,

BRALPD AT o AITNTMIGLTe—2d T 2182 Z e ZHBETIE—RINC T5H) 2w
SH, ETHEWE HE) 3EBO—ETH 2, YMEHEROZLH, 20 HE ot d %,
72 XD 2VHAREDN D 2 2T 5, TOIREEIC EATHRE) THER) O X5 REHEITo77=D, T
MFE (H2VHIIKED THRIE] 25 TR OREZG2)) X820 $2 HRE 13 i THE
B L LTRERTE 2, BTHFPETHELE VI E TR, $XCZ0EZ M5, KETR
T &I, BIEEB/RE WS ZidEIZ fTHITET S 2 hoTH B2,

IcE cro MR (TR BT 2B O—BIIANORR)TH B, HTLoK D
20, A ZOITHERZ 2T NZOMEDORIT—EU 22V [ ZOMEIIX@ER V) k%
HETE S (ZhEREDE VRO —DTH 2),

1 o TZ2EYENKESTOE—BORT MBRDOTHS, TDHR. N7 MLEWVWI BHEOERE S > L IAT %, bk
MELRZZIDOHZEA) D523 DTIIEVDDITH LTHIBREOEZTHHEZ 2 D7,

2 BPNFOEMRARATSS Schrodinger HFERE S, | #ME | x| AN = B X5 nAB0EN, 0| @]

b MOHEFROEH) —HBOITHEEZDZ e TE D,
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3.1.2 179 & BIETER

TN D 2 EOEERTH, RATHORBTE 2D TERV, 1THlEH-> TRETE 2D
233 Hi TR 7z THYIEE (linear mapping)| TH %,

(230)D X1, X0 ITAZ b D (BBIL) BEBPLERMIDLE I, RZPMLTHoTH W,

RZ P R PV OBIEEEIEHIATIICRBITE 3 (Eh o ITIEEREOZ 1) e UT
TRE S,
_%®N7qu%ﬁ%@ofﬁzmﬁ+mﬁ+m+mﬁﬂ®i5Kﬁ%éo3@%@%
B =y 4 g 4+, 0" L LED, DED

<!

=T7) =Tz 0 4+ 220 + -+ + 2,,T™) (3.10)

EH. T 3RO T,
J=T(0" )21 + T(P®)zs + -+ TT™ ), (3.11)

DL TERLTHLMBENE) OIVICEZESTIENTE S, LOROHFT, & T ZR7
PR DT, ZROZMTRTTEL Z 2 ITTUL

7 (&) T(7) ™)
Y1 a1 a12 A1m
Y2 a21 a22 A2m,
=  Jx1+| . |z2+--+ | . |Tm (3.12)
Yn an1 an2 Anm

i3 (M) 0 i ZBHOWMD % a;; £EL Z2ITL),
FoRX%E, BECH 25 E2EMNCE L HT)

Y1 TN TN | a1 Q@12 - Qi T
Y2 i ) €2 a1 Q22 -+ d2m T2
=T T ™) = (3.13)
Un — P Tm ap1 Qp2 - Gpm Im
EEVTLES WS 0D THEEROITINC X 2RB) TH 5,
0 aij

ERAORAEIH 1
D OMANEO0)

azj

DRz || 2z e A0 5| | 12n B & 5 TiE

0 Anj

WR7ey EFEZTH X0,
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3.1.3 TR

%7 5
_ — -
a1i ay; Q1n
1T ( i1 Qi Ain ]
a'ml o a’mj o o . amn
_ A

Dk S ZDDEFEDIT (i 47 j OB % aiy L HFLITT 5,
HEZ 0 1T, IS m SIOBEERIEA TV B1T00% Tn 4T m ST L IER, < ofFld

-

NT
— .
Can ap o aim L J
J > <
‘ a1 G2 0 A2m ‘ ‘ (Wg) ! ‘
~ 1 = L Y, (314)
‘ anp1  QAp2 - OGpm ‘ ( SNT A
Sl
L\_ //‘_
DEI Tm R DERZ AW nfTIATVWS ] LRTZ2Z8 D,
4 N/ N~ h
ail a12 A1n ) T
az1 a22 a22 | .
= |V, Vy -V, (3.15)
775 L anl | . Qnp1 e —
A AN / o g

DESIZ TnRTDHERZ FADR mFREATNS ] LBRT 22 TE M,

aij
. 3 asj . B
ECE RZ M a0 am o am| B ()T EBEL. xZ L || BT eEE LA, O
Anj
a;1
o a; o o N
0. Wk | | Ths (Vv W, CREOHEHANES 2 v ISEE, W OHIE EORTIRIER L
Ain,
P TES L TN 3),

3 20 AT 807 BB x5 T8l 0w idThd il Tk, HRICEFNFZELZWALDINEZ S
9o HEED matrix ¥ mat ¥ rix PN TEKRER>72D Lz,

4 (3.12)I3F 1T (3.15) DFINY L OMEEE > TWBEETH 2,
=5 p56
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IOLTHEILTE S &, (THI0BNF R ((3.12) & AR

pf

N T
Y2 - - - T2

=| W Vol - |V | = Vizy + Vazo + - Voo, (3.16)

Yn Lm

DE3C TV, OGS E2222bTES L,

Y1 | [= Wy - @

Y2 ‘ ( y ) T2 Wy -2

=N =] (3.17)
Yn — Tm Wn -7

D31 Tzhzho W, tONME #£222dT%2 (PEL0RGDIEETHS),

3.2 179DEE:2 x 2175

3.2.1 #i 1 XAEXZEL<

5.2;&%»‘@9%: DEAT 1 XTERZHL ) LWOHERZ, —fBD 2 x 2175 {Z Z} TERBEINHEAT
1 KABRRDGETIToTA LI, Thbb,

RIHE

% FFRRICE R 2 LD, [THRFIRT PARIATHNEDDEEZ T,

e+ laf= 7] 19

YHEEET, 2. 2 2RDLVSS y ULV ER D, ZORDIIE [d b LOWNMERIZ I (B3
Wi, ()] £ OABERIUL X, RREPIRER S 55

X

v (3.18)

BRRNT 2,y KD B,

d b [‘(j o+ [d b m y=[d —b] [ﬂ (3.20)
H/_/
T, AR SRR S =0
B} . [‘2]1“* [Z} X m y= m & m (3.21)



THH, MREILHBHIILTD
(ad — be)r =dX — bY (3.22)

%k Be AR Ty BRDIDS ¢ EWLEW) LLSHROBE, [~ o] LOWRERST B30 |8 Lot
Bz - 0).

[fc a] {ﬂ x4+ [fc a} {Z} y= [fc a} Kﬂ (3.23)
H/_/
EES =0
e el 2] < [l = 2] < 7] @2
——

=0

28%, SHLZZ20RZ (R T VO THEDHZES)

(ad —be)e =[d  —b] Fﬂ (3.25)
(ad = be)y =[—c a}{g} (3.26)
EroErHTHEL
il -4
=D

b,

C sbz~s rromesfoc o= |9 5= b 2= [X] bLcmece
c Y

d
JLD T v1o + Uy =X (3.28)
T ¥ AR To X T+ Ta X Tay =2 X X (3.29)
=0
T L ANE U1 X U1 + U1 X voy =071 X X (330)
R/_/
=0
x 7o X X
T *x*{ﬂ:q&xﬂ 3.31
v2 v1 Yy U1 x X ( )

YEZTH I (52 KTRDTHEORERIIAD S —TH 3 Z LITHER).

3.2.2 #1375 (2x2)
DULETHADFALZ Z 21, (ad —be# 0 D ¥ &,

Ak

X
Y

(3.32)

s |z 1 d -b
el |M] =
551 {y} ad — bc [—c a
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EWVWS e THd, e o,y 2RO ATEXZHEI WO MBEE R 2013, ZoME
¥ ad — be # 0 73 HIXTHESITHELY 5,

Z_O)ﬁ _dc _ab . CCL Z] ® 175 (inverse) | MR, 174 A DWITHNE A 2D
LS TRET 2215, [-13R) DRLSZEHL TV S, %tié ML WS ERTIZZRWE
LIIBBAATH S, AIZX o> TREAKIEICHBOEEZEHALT X rEL, ThHHER S THIYE)
WD BERTIE R,

1 -
!# o EWVIEEE

{a 1 b} - adibc de ﬂ (3.33)
c d

ko TERSND, ZHEDBAA THRZEDE] TlERW,

FORENSDY» 2 X512 TRTOITINIHIET 2 TN HH 2 DI Tldizwv, BRI,
ad —bc=07>7 6(3 32)0)7{50)ﬂ;t B2 720, MATHIDFAES 217501 TIER (regular) TdH
51 50T IR (non singular) TH 2% RE¥ELF 5, NFPHENS (invertible)] £V FHET
RyZedbdhs,

!# EEDOGE Te 2N 2 ) B2 BHETON o™ 2HF %) BEokbh TeTHZ) Fokh T2 RILE
FLEM - TV, 1THIDOMIX, ERPEELMD MW 2k, MTW3EEHZ2D0FE > BUEETIERZY @K F &
W f! OBRE->TZS7%) ZLREBPBETH %, T2 THZ BEX 2 =0 DL BRIERTERDI >, Rk

T AT P 0SS EER. ARDBENE 2Xx2DBEIITTITERNZE ST, ad—bec#0]) ZHELTRVWEERL
7:;:14\0

BRI, [‘1" ﬂ Y58 (2 AR H % m - m * H O 3) 5 B TR
RO ZEEEZRLEZD DI,

N 3 -oon<sa i & 5] epvoms, ||| emmatas e [0 d e e
RERITRZ PLLLT, [3 —2] 232TL %,

ZNBZODIFRY FAELAT B ﬂ B1ED. T3 LTl ATHOMI AR > TAHB L,

R | R e i g ) 830

)

£%8. koT. KBRGAT 0 TH2G [ L e 2 []]

% m . Lﬂ % m BT B, Tab
B WTAIARD S LIt B
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{ 1 }[CEQ?%/\‘D 1%

5 w5 ]
2 e goin
{ | ];

) N _
£ yrcsoron mie { | 7 } £ 2RDFIRY P EBAREDDLEZT, TOZDDFIRY b EHIE

)

LUKy S ORI (D% D -0 = 5] BRI M), iy B RO THIAZ | S LCEATHATS
— p2¢ \ J

T )
[\' @) ) speorrvsce,

N\

@) |

!ﬁ LETEZT T2oDFNIRT MV TR, WATHIBFETE RS KD, BERSZDEE [0, ICEERNY b
N BEZDE, U ICHEELRDIENS,

3.23 175X

D=ad—bc|®Zt% 2 x 217507753 (determinant)) &5,

AL e LT det 20, A DA det A 2 FE L, BT, 3 x 378 LN & D XILOHE Y n x n
FAIC L RROREEZ 25, 2h6d (114 K LIFGEE dot 2165,

TAIRIITHNOERZ TN TTRE 205, det Al 2 x 21THID5GE) A HOER A,; OB L
A, RFICE-o TR, NRARDFIRT v v, v, OBy RTH IVl NRADITRZ b
()", (W) " DBEBL 2 RTH X,

BRI
" Ay Ap|

o« A= 1 12 ‘ODTTﬁ”ﬁ% d(‘l(;All,Alg, A21, A22) Z\
\ A2 Ag

e A= ‘ U1 H Ua } ‘Oﬂ'}ﬁ”ﬁ% det[Ty, T2 &

o A= |- ( 1)T " DITHNIR % det {Iil’—‘ r
e )] @

5  M7HIky & 7ot ey oFEKEHEVEIhe T, HEY LOMBTE R, ko T 74 &—=3F ) A&
AFHAT DI DHEW, determinant ik [ ZHTITHNOWEDRE S | | LV EREEEEHHTDH 5,
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FhENEZBRZL2DHTES (22T RZ MZEBOIIKIZE 2581302 12 LTRA]
Lf:)o

2 2 AFIOIRBHBE L HRE T3S 4 L
Y2/ % DT, [3} {13}
, DITFITE.
det [Ty, 7] =0y X T, (3.35) X C COEE
det |1 =y x (3.36) {J
W2

D AIRTAON
AREIE (RREICD) y@ﬁﬁﬁﬁi‘ HoTze FHRIT 2 x 21TFIDATHIRIT b AR

5

det[ AT, Tz =Adet|y, s, (3.37)

H3
det[T, AT :i;;;{}g, (3.38)
det|v, Ta + U3] =det [0y, U] + det|[v7, U3], (3.39)
det|t + T, U] =det |0, U3 + det v, U3 (3.40)

Wb, DFED. det|vh,vh] EFE VL ZORTOFIEIIH L THEADFIHUIH LTS THRFEME LT
PHRTELTSH, FFELTLLBEMEAEN-> THREREIFL) TH3, ITERETZIEUTDES
12725,

U1 % 25

ﬁ 1—;1 U1 X Uy . N Vi
S U X U3 Ny
,5'1 V1 X Vg - v1 i . .
U1 X (Uz aF U3)
@ENEZZZ///////’ T + 73

AR TRIERZ A S LOSMAIR 0) WO WHEDBD 72D T, 8B5A det|vh, 1] =0 TH
b, ZhiMEtEZHAaGDE S &

det|[dy, Up + A1 | = det|[0, Ta], (3.41)

det[th + Ay, Ua| = det|vy, Uy (3.42)

EVOSHERDHZ b bh b, DED. det|0y, U+ M| DX TR UCHTRAZFANZARY FIVIETH
T IENTED, ZHITOND XS RHEBEDED HIRWELR L EIRT X 2,
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//7 +'0q)
A &
— - (U TS A X
U1 V1 *® V2 U1 o>
172 772
F 7z, AN Z TR L TR
det |77, 772} = —det [’172, ’l_)’ﬂ (343)

T3yH3 (ZhHAHEOHE),
INHOWEIT TR MLOBEY 2EZ - &d [FIRI P AOBEY EZ- &b, FRIC
I RYASR

3.2.4 1T

TN DT DI H 2 DT DWTIIRINCHFH L 72 b, [R7 PV TRINLRISNT 2RA S
DE) ZRITTDODHDTH Y, 2RI 2 (v,y) 225 (oY) NDEHLH

DRI

/_/H
. 1 . ) =t £
ﬂ]r ﬂk‘ FrmbrcEng | T (3.44)
Y g Yy y = gr+hy

DEIWRRBTES, LWVWHBEE S, ZTIZ T, HITITO,Y) 256 (27, y) ~NDEH
DR
:r// _
y// -

—
BFolbLEd, “O0EHEPTrHTELL rw

A . 2 =ar + by
Tl Tl %D T 1=, (3.45)
Y Y =cr' +dy

a b
c d

g h

M (3.46)

%%, THETHEEDTICEHR —POERORE

’
x’ Y

/_/H /_/H
2" =alex + fy) + b(gr + hy) = (ae + bg)x + (af + bh)y (3.47)

’

x’ Y
/_/H /_/H
y" =clex + fy) +d(gr + hy) = (ce + dg)x + (cf +dh)y (3.48)
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PR B D. bz (o0& LB 2 BE OGN ERA YT 5. 1075
ae+bg af +0h| w3z - v AL TH B, THDB.

ce+dg cf+dh
a blle f|
¢ d||g h|

LS ERSHLT 2 2 TS, (CoDLRERITTS ) s bk, —HEOTAIRENT 2 V05—
FIOFAETEEREL D TE 3,

D (3.49) % TfFHIY S LOWE ) ¥ LTEBRT22D05H LV ZHEL X5,

I TIToTWAEIRIE. FTOMITRLE LS 7%, oD TRZ MLVONE] TH D,

ae+bg af + bh

3.49
ce+dg cf +dh ( )

CORY FILEZDRY FILORABENCH ZORY RILEZDRY FILDOREN O

R -5 ) D) (2

c d h ce+dg cf +dh c dl|yg ce+dg cf +dh

CORG RILEZDRY FILORAELAC KL CORG RILEZDRY FILORBEL O

ST - e (s (- e

a b|le| |ae+bg
c d||g| |ce+dg
150 v 4151 D FE (3.49) 1. LWV ZODTHIE R ML OREE —2%
a bl|f| _|af +0bh
thy_ﬁ+M

WCRoTWVWBHEARTILEHTE D,

L L . L A A o
T T ATHI DR 23 (3.49) TEBS N LTk %, [THl% A = lef D & 51T
21 22
TS e B ZDIRFE D> TRIT R OIZ,
A1 B + A12Boy A11Bia + A12Bao
C=AB= 3.50
A21B11 + A22Ba1 Ag1Bia + A2aBoo ( )
2
Cik =Y AijBji (3.51)
i=1

2
%5, Ci=Y» AyBj OFEHTE, MEDHNCD 2ITHIOER A;; O#S DERF () L%
j=1
»HHITHIDESR By, OHIOEHT (1D j) H1Hh52FTRENTVS,
ZIZTHERTDIE 2 x 24THN7ED, £ x mATHIE m x n ATHIDFEX

Cﬁ;:}ZAMBM (3.52)
j=1
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DESITERT b HIDITHIDHIDE 1% 2 DITHIDITORDEL < mw e BIFRBEEBEF T 20,

a b ¢ d
e f g h
DI HRFHBIFERIN TR,
A OMEREREZZEZ S L —RISESHERICKR S (&I AB #£BA ), Zhz {7l
T3 Rwvw) 55, BEOHOMEIXEIZ ab = ba D THTH 5,

A B C
F| =2 (3.53)
I

D FE
G H

!rJE\ (B51)® Ay & By B0 —-o0BERTHD, HTHG, koT,

— p64

2 2
Cir = ZAi;/B.ik = Z BjrAi (3.54)
Jj=1 Jj=1

BELWATH 5, (FEDLV JeBS A3, LOREMES2HbTICH L
Cir = Ain B + Ai2Bag, = BigAi1 + Bag Aiz (3.55)

VI IRERES, 2oRF, MBIENZ L RZLTVWARWI L 2HEELTHLL,
—7. [T OHIEDIEFZ > DiIEL D = BA |2 W3 REMS TEFIE

2
D = Z BijAjr = Bi1 A1, + Bia Aoy,
=i

2
:ZAJsz‘,; = A1 Bi1 + A2i B2 (3.56)
j=1
TH3, AU (3.54) % (3.55) LIEHORTH 3.,
THOMEEZ LD XS T o%2E TEZEHFE | OMBETHR>TWVW3, E25EEROMOIAEFLHFICLTD
(AijBji — BjrAij)s THIOFEE L TOIERIZZEZ TRVWOT, DEREHATS %,
BREDLIDOLIZABRILEFI VI, X k%[ T OFET AT }2: WIS EHED LoHE T ERZ T,

((354) BIAIOHOEEEZA T 325> TV2 | LB ABV 325 TH A,

3.2.5 1THFETHIORE

(3.32) T (751 — {d ‘ﬂ BT {‘CL Z} D THHE(E) THB YL,

> p59 CLd — bC —
1 d —blla b 1 ad — be 0 1 0
ad —bc | —c a] [c d} ad—bc[ 0 adbc] - {0 1] (3.57)
~ /R/_/
JHRAE e

EEARINCEHIRE T 2 Z L THIERETZ 2,

6 ZHIRLT. V=% TREZS5RON? ) 2EZBETFHLTERT TZAUEE A, HAUIOK) HWILTLES Z
CRIREBRTHZD 60D E W0, [REZIWVINL—AIZT B ZMELTHEBES, BB TEXRVIL—LIEZITA
NTIEWIT R0,
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é ﬂ ST LR VIREERRTIAR T 2 ®C, 11 TBEFH) LI s, THf)

PIdoEh My 0oz e7ZeB21E507, A TTA=1TH2%, BEDIEENYTHZ AA L D

a b 1 d b 1 ad — be 0 1 0
[c d}ad—bc{c al_ad—bc[ 0 adbc]_{o 1] (3.58)

ioT, AATY =1 B 38,

%?\( Y |>

%2 COHEMPIRE S E TR, (3.44)D &L IR T HTHlL NI FLOFE] PERIN TV, (fTHle X7 bLOFE) &

— p63
WHERE 21T S &, MTFILATHIDE) 21T o748 T TR VDR 21774 5 L0 3 3R URERIC
%% (ZAUIRVERTO HESIEAL TH5) W5 Elin o T ATHIOM) 3(3.49) TERE L,

> p64

3.3 1THOMEEE RN T —1E

FHOHEINERTELDELS, BELERAS I —EHERL IS,

3.3.1 1750

A% m I HNT 7oA R
' DR }:EA ¥ B Ofl%E M a:%ra&f:f\fé%ﬁf%ﬂza“ 2X512F 312

. Yy
B % I’] WCHNT RS R
Yy
. A A p B B . . . s
A A= T TR e B= | R oz, 2hEhom S Lo
Agr Agp 21 Bag
A A Bi1 B A+ B A+ Bio
A+B= - 3.59
|:A21 A221 [321 By Agi + Ba1 Ags + Bao ( )

TERTIUEIV (ZRTOK BRI TSR TEZ 20, [UICRIZANER->TADLIE),
HLWITEHIA +B % C e HE VT, 20N % O b THUE. ZHUIRD T DR LBEOHKRED S

Cij = Aij + Bij (360)

7 HMTHIOFRBIE T (Identity D I1208) Oftt, E (R4 YFET 1 2R THERD ein-TH B Z L ICHNRKT 2) Hffibh s
ZeddB, £l LOXSBFO1ITRATEZZIL DD, doefifuc, HEIC1 2FVTHI2HEADDHD, 2D LS
REEHELTVRHEE3I LEVTH->TD 31T (BAfTHD3HEDI L) ORKTHIGELD %,

8 ATHOHIFEIZ—ICEFINEICT 2 L EZAAEDL S (Zhe TRtV ¥ E5) OT, 25X ICEHEEANb AL
H3, 34.2IHEZSH
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9 o HE) BERBOBEIDIERZ PLORNBIBTWRHER -7,
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YELZENTES, FARICEIER

Cu G| _|Aun Ap| _ |Bu Biz| _ |An—Bu A — DB (3.61)
Co1 Coo Azy Ao By By Ag1 — Bo1 Ags — Ba»
Cij :Aij — B'L'j (362)

DESBENES LOELEFRTS (25 LTEBINE Az Thr o528 ¥ (fT¥og| 2&%
RoThHHNT 2] DEZR—ET3),

332 XA5—1E
FIFRIC A T 5 — 1513,

All A12
A21 A22

A1 AAie

D . A=
£= A1 Mg

A= (3.63)

rERENS, FTERLESMRCIBLTALEDREICE> TV S (FEPHRROBHE L %
ABZEDDIERW),
PUETHEHE LAY 29 5 — (1%, T O®EI 77,

R 18: THOMBL R H 5 —EICET I EE
REGERl: A+B=B+A
EEAl: (A+B)+C=A+(B+C)
277 —FEOFEER] T o(BA) = (aB)A (3.64)
TN DR D ELERT © a(A + B) = @A +aB
2HZ7—MDOAEIER] © (o + B)A = aA + A

DR R 2 LIBEFA L TH 5. mx n f151% Tmn HOBDHATOZHD) LRZIUL 2h

— pl8

IETE S,

3.3.3 #5217

00
1o o
WHITHITH 5,

0 ] F TETAL rREh. BEEO 0 Rk THi2 5@ T BAr o8I THHRIZ 0 &

*ﬁ\%mﬁﬁbﬁ%bkiﬁﬁﬂlzﬁiﬂcirﬁﬁbf%ébgﬁmﬁﬂjfﬁéo
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1 0 Bll Blg o 1x Bll +0 x Bgl 1 x B12 +0 x BQQ - Bll Blg B

0 1| |Bai Bao|  |0xBii+1xBy 0xBia+1xBy| |Bay Bal|

A I (3.65)

—

A11 A12 1 0 o A11 x 1+ A12 x 0 A11 x 0+ A12 x 1 i A11 A12 —A

Agl A22 0 1 o A21 x 1+ A22 x 0 A21 x 0+ A22 x 1 N A21 A22 -

TH3 (35000 A £/E BT 2RALER),

— pb64

3.3.4 1THOM. RH5—FLITHN

2x2ﬁﬂ®ﬁﬂﬁﬁ\ﬁﬂﬁzﬁi—%émtt%(%@Xﬁi—f%ﬁtéoK ﬂa

d
Ao Mb _ . ) )

o ag| EVIEM (A AAXWSLH 12D, (D =ad—beld XD = Aa x M~ Abx A &
C

ZT 2D TH B,

. RUE O LTI R0, dep | T2 it
c1 + co d1+d2

Znn ardy — bicy 2 asdo — boco T&ii%“ﬂ'tﬁb‘ Z2ETCIThb»rd7EA9,

LW EEEZTAIUR,

3.4 1THIDEBEHIEICIER BWIc TR VAR

1T DREAZHRIEN 2 i 7= S T3 tbi?‘fk BTz, MOIEHNIE 5725 5 P

3.41 1THOREDOFEEER

HITETIMAD & 512, (FH1 L1012 A2 b L ORI(3.46)DFHEIC BT D O3B AT DR RA

— p63

FUTHBEEZT, TH =20 ABC IZ2OWTHAEKRIC. ABDOHFZEICEELTS BC 2412
FELTHHERPEIL, bbb,

(AB)C = A (BC) (3.66)
MER b, ZhETHIOBOFEGERIY WS, FEHIX. 175 ABC D 4,5 K95
(ABC),; Z Air B Cj (3.67)

k0

YEIFIZIEEZD LT IChL B, HEEANE, THIDMAFTAF DITEITH - T o0,

10 dB2A, HUIBEIBILT 272D A OFIE L B Of78E (B OFIF L C OfFED) —H L& L TEWIFRW,
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3.4.2 BT R/HEITH
3.2.65},51\\ ATTA =T 20532 AA =1 2 WHIRERLED, 20 TE»SHNT 28175 & THH»SHNT 2 W17
%56
By BE LR B BB IM? — FTEZT A = {“ b #{d
c d ad — bc
AT THHEMITINCRZ Z21E, TSRMERTE %, VA, MFaF 01751 T b KL KL D IEFEH N E T
A9,
ZDZODITHINGE S AlREEE & X T,

} . WA AT = ﬂ B A BENI TS

—C

FEATH ATTA =T RN T AT (3.68)
AT AAT =1 &5 At (3.69)

ZERLTAL S, EPTHORS (& TRLH (025 A 2 Th) 2EKL TS ( HEMK,
A D m x nfTHE LS 2 L EHITHIB HEITHS (FET 57251 n x mTHITR L TEWIFRW,

ATt A = I ' A ATt = 1 (3.70)
H/—/ nxm H/—/ nxm H/—/ nxn
mxXn mxXm mxXn

DEIATEHNOEIHREZ (ZODORD TIEY -5 b BATHIEH, KITHED ),

ZZETTIE 2 x 21T L2 2 TRWH, (TREFIBBELWITE (n x n 175 O % TEATTH) LRI 2T
%, UFREAFTINZOWTEZ B Z2IZT 3,

A EFEWATH| e AWATHTIRATE AT TAATT BE RS

ATTAAT =AY (3.71)
\/_/
SEICRIEE
ATTAAT =AY (3.72)
\/_/
SEICRIE
b, MEEICED FOZ23FE L w25,
&R 19: LTH e BEFETHIEHL L
EFFTH A LBTHIBTEIES 272513
ATt=A" (3.73)
THd, DFED. LT e AT XA 3 BB R0,

WE Z 31,

3.4.3 EATHRVITIIDWS =

EATIICHRVEEREL LS. 721 A = B b ﬂ D573 x 2 OIFFICIE. TN
A(”
A B b 1 0 O
C D {‘; ﬂ =10 1 0 (3.74)
E F € 0 0 1

11 Aoz, (MW 6-11TRFAMC LT N7 PAERIZBWTERDS 12— 2 THH I L &R T o MEEADHD
— pl&
MO Z e DEER,
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Cm x n ATHIDEMITINE n x m {THIT. HEDOFERIT m x m OHLILTH] )

HTATHN N
—
A B
a b c} . {1 O}
c D|= (3.75)
Ll e f E F 0 1
[m X n ATFNDEFATINE n x m 1THIT, HEDFRIZ n x n DHAATS] )
LB ESBTHTHS 5,

R m>n DL EEFITIEEELROVI BT XS5ZLTHhh 5,
3 x 2 fTHDFITRES, A% {171 Uo || U3 } DEIWZ3AED2KILHNINY ML EANZDDEERT 5, 20T 3

KORT FAPRIEMNITH 2 22 3B ELRVH, S, QiU + aola +a3t3 =0 |8 RDB XTI XRTHO TN REL
ai, o, a3 BIFET S (DEDHBIEETH 2), WRIC

aq
|:’l71 172 173:| az| =0 (3.76)
a3

aq
2% KSR bV {az PFET 5, WRIT A IEFTIER, HolbT oL,
as
aq
AT'Alon| =0 (3.77)
——|as

=I7

Ligd . THREFET IR TH 2, | m>n [R5 EOFRREFEMRIED LD,
tozen»s, m>nDr AP THRLI=-2ZCRELRVIEIDRE, LS DI, b LAFHTHIZ—

Bi11 Bie ai
D A7l = |Ba1 Ba| BoURET3r, ZOTHDOEELRDINT |as| BRELEITHID,
B31  Bs2 as
Bii+ a1 Bz Bi11 DBi2
A|Ba1+az B =A|Ba1 B =1 (3.78)
Bs1 +as Bss B31  Bso
o T, A¥TINCR>TLES B TH S,
% 0o X 0o ATHIN2 DA, AMATH L EWATINIE L VW eh3d 3 (T, EEXTOTH ORISR %

7z E RN EEBRLTWVWS), 72k 2

o O OO
oo
o O -=O
o= OO

(3.79)
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a b
LWHTTHIEEZ B . ZOITHIE b % | wwFs, o T2 —o it kiF 3175 TH 3, HEITHIE

(3.80)

- OO o+~ Oo
- OO = OOo
o= O OO
FPFee e e

a 0
T, ZOf7HIE v 2 | 2T s, TR TIF275) Th 3, \/AAfl:I@'C“ﬁ)%lkbi?‘(“%aﬁ“@%%o Lo L.

FEHfTHNE RV, 2% D TRIF TS EiF2 LR SH,. EFTHAS RT3 LIRS RV] DTHZ, ZDILid
TR 280 a OEMREHLTLEDS ) ZehobHRTE S,

LI\ [FW3-1] (3.79)D A DA THIEL=—2TldR\W (DF b, (3.80) BAMHNIbHZ) T ERtE, ms - p2ir~
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3.4.4 175 DREICEAY B AR]

&R 20: 17HIOEICEEY B FEE
« $EA/TEAT D (AB)C = A(BC)
o TELIERI (RORFICBLT) : AB+C)=AB+ AC
o EEAI (RIORTFIZBELT) (A +B)C=AC + BC
o« 25 7 —EDFEETEA L a(AB) = (0A)B = A(aB)

STEERIZI D 32D Z e i TEIR

m

D A (B +Cin) =Y AiBj+ Y AiCp (3.81)
=1 i=1 j=1

YRBIENPLETSOND, AHT—BITOVWTHREETH 5,

3.5 3x317%

RDOEMFE LT, 3x31T52EZ LS,

12 iz TIEHTH) EFFATOWORIIREMTH S, “D2D oo % (CobbERAELSHZELVL] EEZIZDIZARTE S,
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3.5.1 175

Ain A Az |z u
Az Age Apz| |yl = |v (3.82)
Azr Az Asz| |z w

~

B T=DIC, T OITH A OMTH|ERD B HEEEZ LD, 2x2 OREHNLS ZORE

A Aro Aqs u
Ao |2+ |Agg|y+ |As| 2= |0 (3.83)
Az Az Ass w
~—~— ~—— S~
/Tl EQ Ag

PEXET, LT, 2R 2 2RD2EDIC s by 2T BERITRS DI12E, AL ¥ A 12
ERXTERNT MLEFio TETHEEZEIUI IV (0, 2RO 2 & =B FEER)

T AL & A OWAICERT 227 PVEE SR o TES B0 SMUITLONY L ERZT 5
(e 2o |(Ayx Ao)- A =0) mby Ay x Ay 28 T4y ¥ Ay OFHIELT 52 M v) Th B,

(A, £ A, CRERAS S LT Ay ¢ ;L\}

FIBRIC, PHRoTL AP v A5,

(ot By Ay P)ELT B By
¥\ b3, /

)"
)T (3.84)
— ) \

DEIEIRT P (Ch%iﬁ}giﬂ:%}iﬁk&é) ZAR D EWATHIDTE B, 72Uy BRI, Ao, A3 1
RERAMATINCE B &5 1CHET 3 RDOETTHS (FE M == As THE I EAT D
7%), |

(TIOHAE D> THB L,

13 TAL ¥ A3 ICBEKZARZ PUE A x A3 LBV ?2 ] LESIADBVELS LAKY (FiZZoBIC LT W),
420y ZRBTHBBBOHBCNESS ) e EX DY, COMEILRD, REOMEILLTEWEELT
— p34

f‘ Al = Ao = A3 \‘017&07\20
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A1(g2 X I‘T3) Ay 0 0
= 0 /\2(A3 X A1) - Ao 0 (3.85)
0 0 )\3(111 X /TQ) . gg

% OMHOMHED S 0 R 23RN 6 0 L EFE VW), &oT

— — — — — —

)\1(142 X Ag) . A’l = )\2(143 X Al) . Aé = )\3(A1 X Az) . [fg =1 (386)

LT RIBEIYS A OHATHICR D, N7 FADRAS T — 3 BHICHT 5 R BR15 &

— p72
— p4dl

— —

b (/YQ X /Tg) '14‘1 = (Ag X Al) '/YQ = (gl X /YQ) 'A:?, 7327)[5\

1
! 2 3 (AQXAg)'Al ( )
ThHbd, 25 LTUTOREES,
(i) ]
1 I
Al e AT 3.88
TEPA (s x 4y)) (3.88)

ZZERERET AL (/TQ x /T?,) X, 2 x 251D Y ZD ad — be IHET 2 b DFE» 5. [3x 31T
FD1TH| (determinant)] TH 3 (det A TFERT),

det A T5bB A, - (JQ x z?,) &, Ay, Ay HME B FATIOEE (EE) £ LT, A OAFANL K
BRDAFEOERRICE LW (RF 1, 9,3 75:1}1117 Yy Z@EHELTSH L), 2x 20178 TRZ by
DYEZEE] 1272 > TWEDIIHIGELTW3S,

35.2 LU« - FERESZE>TKRD B8

2% 2. 3 x 3 DITHNH L THfTHI %KD 2 Db oTz, TTETIE KB TEZ S etk
BHIRIRETH 503, 4 x 4D Rz e #LW» (FE@ED ANBIE 4 KoeA EORZ bz BniEsroh
BN WERRITH LD > TV 23 EZ T, METRL. XA Lr->THERT 3 HoRX%
i o THATHIRITHXZR L THB E 20,

2 x 2 T DB E AT E 2 KDFIRZ FAZARZDDEEZIZL TD T, x T BITHIRTH D,
3 x 3T DB EIRITI E 3 KDIINY P A RARESDEEZT-L ZD (A x Ay) - A HITHIR
2ol

N7 PAVDAH T — 3BT D €0 (A1)i(A2);(As)r ¥ EL ZEHTELDT,

> p42
0,7,k
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{ —l A A Ags
1Ay As | = |Ayr A Aoy | DITHIRIZ
{ J Az Az Ass

det A = Z E;J'k?A,/‘lAJ‘QAkg (389)
1,7,k

CELZENTES, ZADL Y4 - FERIEEEH - 71THROELHTH 5,
/0 2 RILDGE %g/ﬁtﬂmvﬁ4 FEREBEMF-T

det A = Z €ijAi1Ajo = A11 Az — As1Ar2 (3.90)

2V

EVWSATHEL LD TES,

TiE, WTHE LS RET20? —(3.88)ERT. TTEFHESE-2rLrL,

— p73

| (Rp s AL D)T |
AT = | (RB LA LL b0)T (3.91)
(1791585 5 L, 24 L7 D) T

PWIHELORICHR o TS, 22T FHIRD S A, 24 LbD) 2id, Ao x A3 DL TH b,
TAIRIE (Ay x A3)- A £ EF 2H 5, TA L WEZIRZDEPD: (A 2L BRELEZ S
e TES 21TH. 31THO R, BEARINICEHZTEIZ.

;111 %12 14:113

Ay Agy Ags (3.92)
Az1 Az Asg

-1

d(tA\‘

YL E UTRDES51IcE T2 (BREBEOROMD T3 Ay LHERD Ay, THRFOIEFES ANED -
TWBZ2IZHER),

Alk = Z EjvjkAjQA]?) = aAi(l(‘,LA (393)
o k1

Ay, = Z €iikAisAjn = aj det A (3.94)
w k2

Agy, = Z €ijkAinAj = 851@3 det A (3.95)

0]
p FO=2DRDZ0DDFESTIE, MoeloT T WIS EELRLTWVD, det A DFIZ, HBITHIER
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Ay BIRXATLOEALNZ IHERL LS, 2D, fEED 4,5 1T L.
det A = (A %ﬁizﬁbﬂ%‘ﬁ)A” + (A T EE I WIH) (3.96)

THB, ThE Ay THITIE (A 2B ERVRE) 107 5.

é AT A DERATINCIBIT B 2 v BfERT 572010, £3. 117 2 515 O)ZAl’ 2 ZRFRELTEI I,

3
24171412: Z €jkiAj2Ar3Aiz (3.97)
i i,7,k=1

b, TR0 TH B, BERSIE. KD e, Ei ¢ j OB LU TR, AjdrsAiz DEDE i ¢ § DU
BIL TSR > TWT, flk 2 e #FE0ES 1T OHAS (22 i=1,=2DHL i=2,7=1 OHEH
WRFEIY) gk, MR35, FBICGHERROITES LHIHRSES K (AR LER) 3R T0IWk
%, Fie. 14T LHIRTE

ZAL i1 = Z Z €niAjaAR3 A (3.98)

v g,k=1

7o TATAIRICFE LW, FIRRIC, ARSI T XTI %,

(3.93)5(B.95)ETEFLD S Y

— pT74

A ——det A (3.99)

ik = 8Akz
Ztﬁ%) (II_‘\O)EJ Akz Z Azk Ty J\\%O)'f_l. @ﬁﬁfﬂo:?\f%’?)o B

i A A Asg

A % TA; DRREF (cofactor) P Y FEN, | Ay; Ay Ags | % TREFITY (adjugate matrix) |
Az Asp A

5510 REFATHIZATHIXTE - 72 b ODWATH L 725,

il

3.5.3 3 x 31757 ME

2 x 2 B DATFIRIIIRGRIE D B - 72 X 512, 3 x 3{THIDITHIRICIE T3 JES) »d 3, ¥
bbb, A% 3RDIIRY MLV OBy AT &,

det )\1?)(1) + )\2"0(2) UQ 1)3 )\mvg ),’UQ,’Ug + )\VLD’Ug ),’UQ,’Ug (3100)

14 li=1,j=10HZ (LY 1 - FELXILBOBLFT) B2 LR,

15 5xobbh DI WERRDZED, (3.96) D (A ZAEROVRE) 25 Aj; 20T, UTHIR»S A 2HT LR IE T
EWVWIEIRT TRETF EFATVS LB XV, TR FEEETIE Tco-1) & sine — cosine D k512, itz oTW03 d
DD LD e E b s B,

16 Tcofactor matrix] TIZRWI LITHER, 2O ladjugate] L WIS HGEIZ ZSHWT L HbRVLAD, RITL > T,

Plél@l
lcofactor matrix] % | A1a  Ass Az | (RAFZEWIEL THRWTH)) ORI LTH->TW3,

Az Axz Asz
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det 171,)\1’0 +)\2_’(2) V3 *)\1(1(‘[ ’U1] é) U3 +)\2(1(T U1]Ué2), V3 (3101)

T T
det 771,’[72,)\11_)§ +)\2_'(2) _)\1(1(,‘T 171,@7:(31) +)\2d(t 1)1,’()2, ( ) (3102)
DEIZ, EDFIBUTH L TORIPMEND 5, F7z 2 x 2FABITHE D oKL LT,

det 171, 172, 173 + )\1’[71 + )\2’[72 = det 171, 172, 173 (3103)
~—
13Dy 2 Bl DR
EWVWSHL ThDDB U IKHD 2 RKDRZ P A DRFERI G R LT, THAIXDEEIFTETH L VD
KBMDID (LTI 3HFHDGIEOE D 3FTNCOWTE WA, H 15, 5251 RO DK
DIID), ALY 4 « FEXREEZMES L b,

Z €kAinAje (Ars + MAp + AAp2) = Z € AinAjoALs (3.104)
i,j,k i,k
2RIV (BTEX7 (3.97)=0 L RRITTRE 2).
AR EATNHEDHETH 2 e 2BV T &,
A1U1 + AoUs U3 + ATt + AT

$

DI TRAZHATREIEE %) BECIREBEIED S0 LITHELTWS

b5 =D XD LMHIZ, FINT MDA 2 SO - > FUDY v ~

3 x 3 {75 DATHIX

det|vy, va, U3| = —det|ty, U1, U3] = —det |V, Uz, Ua| = —det| U3, Ua, U1 BRI B T
- -

(3.105)

EHAZY y JEBTARETHZ L

— p34

det|vy, U, U3] = det|vy, U3, 01| = det|vs, U1, Ua (3106)
Thsb, THHIAHZELY (LY 4 - FUXRBOWEDHL ), - J
TR TR PLOBEBE AHED, LeFAKOEE?D 2, Z
.
Z €ijkAitAjaArs = Z €A1 Azj Ay, (3.107)
0,5,k 0,9,k

DBEDIOPETHS (ZODRT ADHRFONZIHEBHTHS Z LIZHER),
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CORDD LD Z L ZRFTITE, €55 230 TRVDIE €103, €231, €312 AL +1) ¥ €132, €213, €301
Ak -1) o6 LrRkRL, TOMIRLZES R 6BHEOHEHOE LA LS (LOXDALTDH
FATH ) ZeEERI U IV,

BB e
1 2 3 71 3 1 2 3 1t2 3&
f“f‘i \X\X\XK ’M/ﬂ// 1>< Pl N
1 2 1 2 3 1 2 3 1 2 3
A11A22A33 A12A23A31 A13A21A32 _A11A23A32 7A12A21A33 _A13A22A31
b 5D,
det A = % > er€imnAi A Ar, (3.108)

: i,7 k0, m,m
EWVWOEEHOHE (ZNDFELWVW), ZhDRILATHZ Z e RAHAT R, 7,7,k 1,2,3D 6
HoBE#H (HEf3 ta@Ef3) 2RALLbDZEL EiIFhul X,
DEoWEZMES &, TR0 EZ#E(L T2 Z e 3T 5, HEICP L7200 e LTI,
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—Ayy Aoy Ags + A1aAgs Ay + A13 Az Asy 31 ¢ 33
S D +1 +1

— A1 Ag3Azg — A19 A1 Azz — A31 AgoAss (3.109)

BH5 (KNTRELZOPHDKTH 2) 25, LIROEEE L THIT
FIABAETHE x5, PLEHBELZEAIMETE S, 22 TIE 3 x 31TFIDHGETHA L 7255,
DIFofERIIEREDIEATTHITIE LW,
R 21: THREREICT IER
(1)® 24TITHIDITDERSE 2= T
(2)® 2FNHIDFNDERE % BT
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EY b — p212 A B — p217 A~
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1 o 0
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1 0 o0
() —lo -3 o 2170 — 2 f5%
0 -6 0 > 31TDITET
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o T, ZOTHOITHIRIFZ0 2725, 02725 281F (5) DEEMETHLD S, HEHIWVIFHI L WAL, (4) DEERET 2
THE SITHIMITHRNZ 2 IZKDOWVWT, TP 0 TH S Z e b oehd LKW,

SEYEEZES &

:[An Ay Alg}:{Au 0 0}+[0 A 0}+[0 0 ABIU@&&

ML D3RR E - T,
A Ars A
det Agl A22 A23
| As1 Asz Ass | — )
‘A 0 0 | 0 A;p 0 0 0 A
=det A21 A22 A23 + det A21 A22 A23 + det Agl AQQ Agg
| As1 Asz Ass | As1 Aszp Ass Asy Aszg Ass
A5, 0 0 | A 00 A3 00
=det A21 AQQ A23 —det AQQ A21 A23 + det A23 A21 A22
| As1 Asz Ass | Asy Azy Ass Ass Asz1 Az
V" V"
151D 25D ANEZT: 35D%E 1FIDIR-oTET
A A23 A21 A23 A A22
=Aq; det A —det Ay det 3.114
e Asy Ass A ( o Az Asg A e Az Az ( )

D &S ATHINKD RN T E 2,
LEOXD—2DDFES T, 1THDITRZ b 3 KRICHREL 7=,

A1 0 0
—opomEg, A2 A An gy s s st e 2 U2 2 x 2 TSR O3
A3l A32 A33
@) @ 0 H

BOAHTL 222003 (KT, 0 XRZ2EERBCRELE) OTZEhEHo7z, EOFF

T T\ B E O RS LR O E@AH&WB? j% v 725 (35 2 LA b KD,
32 33
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(3.114) DO

Asy A Asy Ao Axy Az
Ay det + A —det + Az det 3.115
U A A “( 1%1A%> P An Ap (3:119)
R v S
All A21 ASl

DESTRATFHBHEA TN,

MUEno, Ay ORRFBEE LT, T2 HFELT

(1)Ai; A LAT1FIDICI2 2 XS IATe AR EE L TW L (IR Ay DFEOHD, BIT2Z2IC

<A FRFESHH S 2 LITER,

All A12 A13 A21 A22 A23 -A22 A21 A23
det A21 A22 A23 = —det A]_1 Alg A13 = det A12 A]_1 A13
A31 A32 A33 A31 A32 A33 _A32 A31 A33
@117HE 1FIEEHT.
Agg Agy Ags ]
det AlZ All A13 — det ill 313
Asy Azp Asz 31 8]

DEIRXTHRRI VW b b,
TDEIITLT, 3x317FD178IR %, 2 x 2178 DITHIX UMTHIRK) 2oL CatEST 2 2 e h

TE%, ZHIE SR E LR TN X NITANZ o TH AR TH %, UEzFedd e, 3x3

REFATHNDFHEIF. LFORITRIXIN 2,

B
det

Efa20
det

()& RRFEHEITZEXCHAISNBIRS

. ¢ . [CHBRDE. B DBRITIBNAZL,
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DR D & 5 it B OER, REFITINE

det Azy Az —det Ap A det A A

_A32 Ass _A32 Ass _A22 Ao

Ag1 Aoss A Ags A A
—det det —det 3.116
_A31 Ass _A31 Ass _A21 Aos ( )

det Az Ap —det An - Ar det A Ar

| _A31 A32_ _A31 A32_ / _A21 A22_ |
TH? WMTORNATEAZEBIT 2 Z I X350t 23 2 2 IcHER).
- ADBE pITEE ¢ ¥

A, = (=1)P~D=Dgeq .~ 3.117
w =1 R T N e (317)

DEIICHELTD LWV (ZORBEED NITHT 3 N x NITHTIELW),

3.6 N x N 1750175 & E1T7

3.6.1 175X
TZETKRDZE N x NITHID det BRRICLY 4 - FEREBZMo TERTEZ S, $IEE
RIEDLY 4 + FERALBZEREL LS,
E&E11: FEXRTOL T 1 « FEARRLS
(N RTLDVY 4« FELGLERE N HOBRFERD (5. )0 LERAF2XT TR 655 3
RIETU €550 D& 512, jﬂj
QL7 4 - FEREEOHDES “oDOFEFEANEZ 2, HESRIMICHE 2,

€...ij... = —€..g4... (3.118)

B)FRFEN 1 ITOWIATOLBEAEDOL Y 4 « FEXALBOEEZ 1 LED D,

€123..N = 1 (3119)

(2) 3BED &5 ZoDIHFITHT 2R, e 2O AWz 5 (FOXTWEi & k kAN
®z23) OTHIUI,

Gi}k = —eﬂQ = Gg]lz = —€...kji-- (3120)

DX IR DANEZZ L ITHESIT, RRDTBRNKET 5, SANEZ2i & kOB M
DT Grjo--ju) BB LTh,

l\lj RUNBZ
N ()M ‘
€ciupatt =(— DM e, gy
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M EROBEX

— )

== (DM e Gjogarkic: = —€kijijaarion (3.121)

YioT, REIVFERKET S, Lo T

R 22: LU - FERRBSOREREMYE
(2) L7 4 - FEREBEDEBED - ODRFEANEZ 2. HEPKIMICHK 5,

€vimges = € jngens (3.122)

LFRBILTOAL I LIRS, SO fR22(CED. LY 4 - FEARBRALEFS LU ED S
0I5,
PEDES LY 4« FERRERME ST,

FER 23: N x N 1790175

det A= > € iy ivAi1Aiz - Ay (3.123)

LERT D (TR TETHDBRTERT ). L AT 4x4RBIZARTOLY 1 « FEXE
BE e BT (det A= ) e AndjpAisAn LATHIRDPERS IS Z 12k %,

6,5k

Z ok

fER 24: N x N 1780175 DRIDF

1
det A = ﬁ Z Z 6/‘17"2""77.'\'€v/‘hj27'“7j\'A1‘1/JA[_’JQ "'Ai\'j\ (3124)

VAN J1,J25"

EEVTH IV, (3.123) & (3.124) FELWZ 2 VY 4 - FEREEOFMED S b 5
ZOFEXDLS, UTFBWD IO 3T <hbrs

R 25: TEIXITYIREZZEZ AL

det A = det(AT (3.125)

3 x 3THIDATHIFUC 3 ERYENED D o 72 & 512,
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$ER 26: N x N 1750175 D N ERFFME

+)\277§2) o Uy
Ay || Fedet || @ |Gyl 18P | Ty (3.126)

DB DD (FTRZ FPADHFRZOVWTHREETH 2), 2hhdD 3D THINREZARZICT 2L
WHEER21 1IN x N OBEETHREBEICHEZ 3,

3.6.2 175X DOEEFRIELR

2 x 2 (FHIDFTHIRIE THIN2 F L2 KOIE S FATDHOHA THD. 3 x 31T5I0FHIRE T4
N7 B3RO D FATATEDUM) Thoreo DD, N x N {FFIOFTHIRIE (FIR2 L N
KOMED N JTEALHRD L) L7285, EDEMICE S LITFIRIE (2 0fsloRTHBEEIC X -
TZ D% KB PRI 50 2 RTRELEZ 5, 2 ATOBATHN D2 FORTH 3,

2 1
LJ 2}w&55@

2 6| -

{_17}u¢55@

1T5IT=5

Y

1751T8=20

w N
—
)
—_
N =
[E—T
Il
—
| o
—_
N
[
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ZDZELEBINC. UTIBEDILDZ e hbh b

R 27: 177 DFBEDOITHRIFITIIRDE
EEOR UCRITDIESTITH A, B IZDWTLURAK D 7D,

det(AB) = det(A)det(B (3.127)

e BARRNATII RO ERITRA L TERAE L THlERD L5 325 & D LHEIZD, 75D N
HPEM 2 S ¢ HRRET SRR D& CAEATE 2,

TR ARS | A Ay o Ay \Bﬁg[élggml% DX STHIRZ P AEAARTE

| I

bDEARLTEZRLD, AT, 1THORFEIE
AB= | AB, |AB,| --- |ABy (3.128)

YRIFCE 2, 22T AB, 2WVWIRY ML
N
ABy =Y AB, (3.129)
1=1
D k312 A, OIGHEASTRIETE 20T,

det(AB) = det, Z /II’] Bl,iJ R Z 14’]‘_, Bg‘jj, tee Z A'j,\'BNjA\' (3130)
J2 IN

J

Yib, ZTIT. NEREMEEEZLZ A ORKTHLLIAD B; &

Hdet(AB) =det |y A By, > AL By, Y Aj By, (3.131)
J1 J2
DEISWCEALAHIHL TN e TE S, ERIT
N
det(AB)= Y Bij By, Byjdet A A AL (3.132)
J1sj2syjn=1
DI B 2T BAD dot Ay A, Aj & Giyda, oy B3 1,2,--- N OEHTHW
RHoiwck? GREPRICHEICKRZ 2, THROERHEELS 0), ZOBEBRPEELR SHER
X det 1‘1’1714’2,"' ,/TN kb, wEHSEL SR —det A'17A’2,-~ ,/TN e, FHEOFED,
Jije - jn DEFAOMAMICELD £1 23H 2 2 WS Z & T, Levi-Civita it 523 TL %, £»o T

det A A/),--' ,/Tj‘\y =€J‘U‘2.H]"\y(1(}l» gl,gg,--' ,fTN (3133)
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i)i‘ﬁklbjoi))fo\ det | A A . A‘

J1244j20" JIN
AL
N
det(AB) = > Bij By, Byj €, gy det Ay Ay o Ay (3.134)
Ji,J2, - in=1
viah. FFAE R, det B

3.6.3 JOv 71750175
IRz e bmrtEd,
R 28: JOv 7T TRRIEE IOy o DT DA

Nl XNl ’f?ﬁ”A & Ng XN2 ??ﬁ”D %_){%OVC M= |§4’%| Z%bj’é (N1 +N2) X (N1 —|—N2)

791 (ZofEfTile T7ay 71751 EMER) AH2HL 55, ZOLE,

det(M) = det(A)det(D (3.135)
DI D LD,
S
Ni+Na
detM = Z Eiliz...iA\lJrr\thlMgzj_z -'-]\4]\[1+1\727'A\1+7\‘2 (3136)

11,027 IN +No =1
L, TITM; i, i 2158 Ny ETEA,; THH, Ni+126 Ny + Ny T Dy TH2, W
wZoRi

Z €ig-vin in, 11N, 4N Agiy - Ax\“'1i,\1DN1+1f\] Dyt INy+No (3137)
O)J: 5 &L < (- }:%))T§5o Z :"C\ Zl ﬁ’% ZNI if&i A” D3 /J\%.’C%Z)z))rﬂ 1 7b)5 N1 if@ Aj\%@

%?ﬁﬁbztﬁofb\%o ELEIe ZN1+1 m 5 ZN1+NQ FTlX Dij DIRFETH L0 5 Ni+1D056 Ny + Ny &

N1+N1RIEDe N1 XIEDe  NoXILDe
A N —_—
€irving iny 1oeeing 4N = Eineing €ing p1eing 4 (3.138)

THd, TORDEADGEAD. i1, ying,ing 11 iy, DEEHRRS 1, FEHZS -1 205K
Ko TV, ZAHBE (3.135) 23S % 5.

1357 {é g] DK THo7e LThH, detM=det AD I3E R %, CDEBDMb oz &I

£ D, det M IZ (3.137) 1

§ 61\ L\ INy+1° 1\1+\2C11|" CzNIY\l 7f\+1’\\+\..'DiAN'1+4N'2i\17\2 (3.139)
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FRLEZDBDICKESD, ZHEF 025 THB, C 2 DERICIHIICA>TWEDT, YEESTH3
iy sing & vyttt v, DEBESTLEW, ZOBETE 6.0y =023,

1IN 1IN N
3.7 vaE7 >

=) - 2T, ARSI OB EICOW TN TEZ 5,

2 OV & E R PEAR (v, y) TRLUE TOMUMEREIL do dy 7223, MR (1,0) TRLZZE 2D
WAMARZ 1 A TH B, THU

A < A A
i? > &? Vo
2 2
O Ar O Az .
D &5 Iz fiNT
Az =Arcosf — rAfsinf (3.140)
Ay =Arsinf + rAf cos (3.141)

PWOBENHZZr (KNI Ar DADDHEEEZYL A0 DADDHZ L XERBLTWED, WAHLRD
3 X 3N B8 BHARD. X HICENEITHIT

Ax|  |cost) —rsinf

Ay|  |sin@ rcosh
LERBPLZEBRTZOTHDTHAREEZEZ D2 5, Lok, HE Q KITKfE) DLt r FeRL
TWa,

CTWRPHKIEDSEGZE XN, o b BMAZDBDTH, MOTOEMRE LT 2ITERITIID
ﬁﬁﬂf#ﬁb‘géh% EWSTETHEDDEREI NS,

Ar

N (3.142)

s s %H ifl e BseTid, R
T,y
F)X ryy)  0X(x,y ‘|
det | 4,07 gy | (3.143)
L(?Y.T,,y 3Y:1’,1/J )
Or oy
FUET B, Z0ffFl%E YL T (Jacobian)) ¥ITA, ¥ U7 L dEHGIETIE ;’((;’i//))

DX HITEL,

18 REY Y IALM (B2 VEEEREES) TXuhtwnd b, SEZTWEDN UNER] 725,
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/- \

r= rsinfcoso |
LI\ (R 3-5) 3 ROTCOMIEERESE L RO { y = rsinfsing OV ILT U ERD &,
z= rcosf

bY b — p213 A f#E — p213 N

J

3.8 RAF

3x3Dr&ELFEBIC. Ay ORKT A, %

~ 0

B O(det A)
Apa = O Agp

Z €kt AitAjpAps Ay | = —1—~ (3.144)
Byd ke sl OAgp

TEHRL &I, Nx NOBFED, Ay BAANLATIHIO Z & &2 RAFATHI L PR, W% fioTH
BFLTWEH, HLWEHEZ L TWabiFTiaiz<, 178IRF 4 O 1 XX TL2RVDT, 5T
WA RIIMRHERD TV T TH %,

N AAg=0 (pFqDEE) (3.145)
BEDIDZ BT IO, T p=1 KL TRALTAS L,
Z AliAiq = Z Ei‘jk...(quAjQAkg e AéN (3146)
i iy kel

THEH, ¢H1TROAES, 2,3, NOEISTHB, Lz q=2%5

i+ TRIFR
~ /_/R
Z AiAijp = Z €kt AigAja Az - Agy (3.147)
i 1,5,k L

LIRBM, LT 4 s FEREBR o TRMMERS, ZOFIZ 012k 32, ¢A13,4,5,--- R¥D
LEDFAKTH 5,

19 2 x 2 DEFETHER,

"o P
—(ad —bc) —(ad —bc) _
P a [d a"} v 7B,

(D:ad—%%ﬁ%bf%ﬁ?ﬁﬂ%ﬁét\‘ e -
. —(ad —bc) —(ad —bc)
\Lab od
20 Apy TR Ay BUALATIIOSE TRETII LIFATOEREB5, Z20BHAE (RETIIOERETIAT
EHo7zb Dy MHITINCTL Do

21 Kij DYi,j OHTRMA Lij 234, OZHBTHITHAUL

—C

/

E:th,=dmméoEL%@@&T(Mn¢nkL
N )

T) KmnLmn & KnmLpm B—H3 O8N, ZOMP 012752, (m=n|D¥ %éi[ Knm =0 TH%,
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A1g

THLT. |Ay A - Ay, BWITARZ MR, FINZ B v (g >2) EONHED 0

Apg
THsHZenbhol,
T [qg=1|TWEES> RENLEWVD &,
Z €ijktAitAjaAgs -+ Apy (3.148)

Y5, ZHIEDWVWXSXEELE (N x NITHID) THIR det A ZDOBDTH 5,

C ) moreworzmems e

814/1

Z A~11A'z,1 S Z MAA = det A

(3.149)

EWVSHMH B, ZHUIMTHIRD N EEEL 53 CIcbh %

1HD T TR MEROFNSH LTI ADBEDIIDZ t%’:T%vo FT. LD ADSH, ¢FIDDORTETENFL
el

Apn A - Ay - A
A1 Azx - XAz -+ Ao
. , . (3.150)
Ayt Anz - Myg o0 Apny
BERD, ZOHZLELES, LOfFFRKIE. d DI AN ETH B, THhDD
’VAll Aig oo Mg - Aw"
Aor Aza - AAzg - Aoy
det L = det . . . = Adet A (3.151)
A;\"l AI\"Q Tt A14]\7(] ANN

BORED, ZOXROWAE N THDT2E AZ2ELDIE ¢ DRI TH S Z LITHERD).

6(1(1 L 8L

Z LqgiAig (3.152)

YUVSEMH A2, 22T, Ly KETTRABZBEEATVARLDT, Ay, IKHELL,

(3.153)

N N
Z Eq,Alq = Z Aqu,q =det A
i=1 i=1

PRE Tz,

OF OF oF

) or or or _
22 BSIFTHTL 3 TaT+VaV+NaN F| (4 7—0B%X) cMUHLA,
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A D P, q bﬁﬁj\ qu ‘i\ ??ﬁ”ﬁ Z 6;‘jk¢.“ﬁA7‘1A‘72A/§;3 cee Am yaa) E) qu (qu ’G‘&itﬁlﬂ Zet &:E‘E
ikl

B! TP U-L DiB-oTW3) 2F0HEZREH LT, A, TEH-% 30
v
WS Z bbb,
Cﬂ’@x
FER 29: 175 L KRRAFITH DREISEAITI DT E
_ det A =
ZAP(]AW‘ = - (p T) (3154)
q 0 (p 7é ’f‘)
TP CRHT 2
AA = AA =det(A)I (3.155)
Mbhol?, XoT, WiTHNZ
1 ~
-1 _
" det AA (3'156)

TERINDZZ LIRS,

/O TR T MNAYTHORD S ) ZEZX DI ED, BTHOED FOERNZEZE, 75 %
TR 0| DEIBRRTMADIILEZTERLDNY MY @7 =67 £ RBRZ G @

{ (@) 7

(w2) .
(ﬂﬂ%E)%ﬁoT%T‘ : ‘tﬁNmémtmﬁzkfééo%n%vﬁ4~%ﬁ&ﬁ%tm5v—w%@o
> p2¢ .

(e )

TEZZL LI 51Tk 5,

23 SOBFEE. O [GUEHEREHLTCEHS) W e M35 TRETZ e TE 3,
24 (3.155) T AA = AA 275 Zkig, [ R 10 |2 FBCAENIT S 5.,

> p69
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3.9 EXREEEE

* [EE E 3-1]
PUR AT DATHIR %2 RD X

a+zr a+y a+z sinfcos¢ sinfsing cosf
D|b+xz b+y b+z|, (2)| cosbcos¢g cosfsing —sind LYk o p228 A HEE - p230 ~
ct+x c+y c+z —sinfsing sinfcos ¢ 0
K [(EHE R 3-2]
Fi3THIAR

(1)det v, Ta, - -+, Uy (& N BB ZFD
(2)det |y, Ta, -+ -, Uy (X5 DR HIT T U TRAFR
(3)@&%}?&&7 PVERATZ L, | det 61,65, - ,8y| =1

EWVIEMFEDITBIZIIT, BEIICSEZ TWAERIILEDEL, £oT. Lo=2% 75X

DEF] LLTHIWV, ZDIrznt, Vb D p228 A B o p231 A
K (B 3-3)

g Bl Dd aN x 2N (75 M 3353 (0.B.C. DX N x N 175, = 0iF5loi5lR% B, C,D
O)?ﬁ.‘ﬁuﬁfﬁbﬁo EY b — p228 A % — p231 N

K [ [ 3-4]
dot |€°8 6 sind
|sinf coséd

1200529:sin g—% EEETRDI=-05, 5% 2B 2XNEE X,

EY b — p229 N f#E — p232 A

* [EEHE 3-5]

I X2 X3
[f—FE SRV [y |, |y2 |, [ys| ZiB2TEHO SRS
z1 Z9 z3
[ 2 y oz 1
1
det [T1 Y1 AL (3.157)
T2 Y2 22 1
z3 ys z3 1
VG%E}:X%/‘T—\‘;@O E¥bF — p229 N % — p232 A
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FA4E 1THOEERER

4.1 EIUHENZTHTHEL

FIHNEHRE OEN R E AL DR 2 2 Z#HA L LTWEDT, 2 TEKMIC THERZ
R LW EERITHEE o TR o TA LS, #HAER (N KD, AZER (MES) L LTZo
“ODBEGATH M (M x N 174)) ZffioT Mi=A rRBRINTWE LT3, 75 A 277
FELTWERBIE F=M'ATIhRDOND,

M =N 23RV Z e 2T 5 701 fTH 2 BB TET &,

M —|A| = |&|= M1 A (4.1)
v
~—— Nx1 Nl Nx1 NxM AV
MxN Mx1 Mx1

DEIERBTEZ (M >N DOBDTEOTWD), T, NIAFTAFIDFTH % E N T8,
M K7 DHNRZ b M x 11742 LTW3,
BRI 3T E D ETiX

o WATHNZ VI U CEHE T 25?2
o WATHND I NG ENRXE S T 507
o WTHIM A= — 7 ITRE SR WVIGEIRE S 507

PREE 722, THHEFZEZ TV LT, TS WY BEIHITAL R 07 ) == TR o7
DI 20h%H5) ZdHBEICKR S,

FHRP 0D L ZiZ, M I AEELRVDT, =M A T7IERD 3LV DIFITIZVARN,
TREo772K 7 REALTHOBRBESNRVDL VI &, ZARILIZRV, ¥OREDIEHR
BoN2D0ZLIFTERLTVWI 9,

o \ TR S TR PPN TRWEES o
THIRAY 01272 2 DI DoonEZLNS (R

ITHN 2 MRS 25X T S DS TR WG &
OHEZM, 1Tz ANBEZATEZNR, LD DRFERKICTRE 2),

1 | M#N| DL EFPTINIFEL R VA —DIZIRE 6&@@&;3.49)@?5&&&@ Do
> p6E
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' "

N e 41) [ 3812 ABC, N x N SI0BATHIRERLICT 3L #R 21055, McHT S
BECH2 (2) & (4) BIES ¥, (FIEPEST (EEMTA) CTEB L emE,

EY b — p213 A f#E — p217 AN
LI\ [0 4-2]  EOBMERTT o SRR, (THIRA 0 THS L AHILEL T 5, COLE, (FHIRFINY PARNA
EbOL ALY EOFINY MAOH, BEEAHERTAZ PARAALSDLHL EOFAZ PO, E55b
TN ROBEI 2R 7 PO 12> TRWZ 2R, EYh - p213 A B - p218 A

\. J

R — N

Z a; M, =0 ‘731 5 BEfRD

Li=1

D XS WATHN R R L 725X R L DI

M= | M, My - My

BAHE, AHIRE0ICHR S, COT LB 341T3x3 DHATRLEL, EEMITFICHLES
L ThObAB IS, L0 (B 4-2] THRLE, £EO N x N FHIOFHIRTS, Loslxz
UHDERIEMNL TR, U RITIREARZICT 2L THIRZ FALOEYRD% (ICTE S 2 L

bhr s, ZORIE,

M
A
. I oy
- - @2 ~
,,,,,, S an
~—

D ESATHN RN > TEL e HTE, [ 7= X pARA M= A 0—o0fzs, =X +\d b

0
PR L.
M(X+A@:4MX:A (4.3)
ERoTHICR D WNMERDER) ) ZEK®KT 2 (BHAL=—27I1CRESRWV),
Z 2T, P& (rank)] EWVWOBFEELTD XS ITERT %,

T 12: fEH (rank)

1T51% | My, My --- My || DESICNEDFIRZ WL EEZL & ZDHIRY LD

BTHONED, ZOEFEE {TRZ bLD S BHNENRTZ bADOAE 2L THRERIETH 3,

— pl04

ﬁwm%ﬁﬁk%mﬁggm%ﬁ%éAfméoNxNﬁ%fu%ﬁM%ka%$60@@
3%, M OBEE r v FAUE, M. r KOG ARZ ML EEH, Ma®) =0 2ililz T2 by

2 rankM X I5AL < 2T DX IZHT,
3 B0 DfFFI 3. BATH, 072 THRIA TV DTHIIARY P 1 RS20,
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N—-—rX»H2z (k=1,2,--- ,N—1)o ZDr HIIZRT bNVDOAE) %KD 2ZDIHEZ 2 DHBLLT
TS % THRAZERK] TH 2,

4.2 1THDEXER

4.2.1 17ICX9 B2(F

X THoMLATH RS FEEEZ D2, COMEZEBEIIC T I TR I vwhE
FEZTVWI 9, [TATREBAARTEZ TV 2 2BV T,

% 1 ’Ti‘ : Mll;l,‘l + Mlggl,‘g + 4 MlN«'L'A\' :A1 (44)
% Z’Ti‘ : Mgl.’l,‘l + MQQEI,‘Z + 4 ng\r.'l,"\' :AQ (45)
% M ’fji : M]ul.l,’l + MA,{2.T2 + -+ Mﬂ,ﬁv.’rl\' :A]u (46)

PWOREBEECRIALEZDONE Mi=AThHd (ZZTIHTFHN M x N OBER2EZ ),

=) Hrlx THEROH s TWaEHEEDbRVWES I LoD, REMiICT 2 2 EEICT 3, MEREEDR
W 2E0ED THELTWARICEI L 13ES RO TWE WS HERBIT 2] THd, R0 BRWIGRAME D
KXo THADTZ D TEW) ORFEANIZED->TL %,

TZTreRDES LRI E TTOXZRLEDFIWEDERE LD TS HDW0E TE
B ol OEBICEZ D1 DX B2 To7, ZD THE) ZTHTRAL LS, £3TD
KT & HATHIDFET 2 IET1T5 L 23T

= c A (4.7)

———— ~——~—'Nx1 ~——  ———
MxM MxN M x M Mx1

Y355, fTHOBNIEOFER LM AEHELICAUE,. BiEic—3Eo <,
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SAERZMEDI N D0 d %,

FER 34: L=A1TICEEY 3 EE
N x N ﬁﬁ” A, B i))%ﬂ%‘ﬂj{fﬁ’ﬁﬁi)) (All,AQQ, coo aANN) X (B117B227 coo 7BNN) "C%E)
EEMTHITH B & E,

()R H 5 —{ aA 1Z1E D E=AIFHIC. BRI
(A1, 0o, - ,alyy) TH B,
@)1 A + B IERED E=AFAIT. SR
(A11 + Bi1,A2 + Ba, -+ ,Ayn + Byy) TH %,
(3)F AB 1313 b E=ATHIT. XHART &
(A11Bi11, A22Baa, -+ , AxyByy) TH %,
(4)J:13ﬁ§flrﬁﬂ A b:iélﬁﬁuiﬁﬁﬁ‘ﬁ‘é 7o, ZOTHS E=A1THITH D EORAMTIE
(G g) TB 2
(5) L=ATAIOTFIRIE AR OETH 5, THROB, [det A = A1 Asy - Ayy b

AEFEHIE T, BT (1),(2) BEBT 5,

[\ (B 4-4] LOEHED S5, (3) & (4) BIAWE X, mﬂzls«]

(5) @f?@meZOL\VCGi\ det A = Z €iq,in,r in A5|1A522 T A?{\N %\ J:Eﬁ’f?ﬁuf

Bi>jR0EA;=0ICRZ2ZEEZTHRET I LV, 2R Wi K1 TRVEFDPA- L
&35k, Levi-Civita DB IFTis MEOEND2D i D1 IXARLRVWE ZOHIZ 0K, L
L. ZOHEIZi>j %01 A;=012kD0tkd, koTii=1DHDANEEKS, FUHH
Tlig =2,i3 =3, DHDADPEZED | (det A = AjjAsy - Ayy TH 5,
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4.9 EREEME

* [T 4-1]
TP ORMOBERE, 2O DITFIOBRL R THL I, ThbDE

rank(AB) < rank A 22D rank(AB) <rankB (4.55)
s, EYh o p220 A BE - p232 A
* [JEERRE 4-2)
%70y 253 LT M = ‘é g PELZL T 5, (dot A £0 THIUL
det M = det Adet (D — CA~'B (4.56)
THB Y BT, o e s
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Vax'aw o —_— VA
E58 [OERc175
=) zo#E T, BAMNRTHIOIGHENYE LT THiE 2r0k5 &R 3052525,

51 2XTFETONRY MLD[EEER

511 RETEZZANY MLOEER

x TITIE 2XTEFEHDO ETRY MV A RAE O FIEEE IR P L
A YD E3IENE (B2 VIEERETEBETAR) IvheELLS.
KT B RBEAED LS RIRNTH 5, ZOMEEEDEER RIA) O X512
0 Lzt &, RA) I EZRTHS, Thbb,

— p24

N1

RIMAL + XAy ) = AZEA} + AZB/YQ (5.1)
B IO (2 ®f® aﬂﬂ%ciﬁwl%ﬁoﬁ) v@xkﬁﬁﬂfi%fﬁ'c ER

/ C>/ 7
B El U
it / it
g ERIEL g
S > EREEL
S\EHEBLTE SSBLELTE
/
Z oS G, EBICTEE L (3 YOETH LV 2B B A

FADEEEEZ DLW, WHNERTH B!, thiEBo kLT
WBED XTI REDRGHT 5,
N2 PV OEEEERBRLTAL S, HEEZERT 5103, HOK 0\
WRL7Z L3511, TORY MLOEX% cosd 512 L72d D (cosHA)
2. JTELONRZ RV 90 (grad) BILT (ZORZ b L% A b EL 22T 31D, BE % sind 5

1 bEDOETZ5WioDid, WEMERIZZ(L LR WEZ 2 AR S THER) WS SRR TRRT 22 e0d 505
TH%,

2 ZZTIR90ERTIRERTHER [ 1cLk (HRINAREClZRw), B3R, KIEFHED,, FHOEEETE TE
DR 2 REEFHE D TEDOEE) Z2IFFIED &35 2 eaZwn, Juifild 5 R ko Bixi3 < RFE D T, IEQREET
H2
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U7z sin0As 2R TRIERTT S,

ZZTETRIGAED O 90 (Trad) FHEEEZ 5 LIcL &3, -
A ORDEEORD X5 12E 2 3 2 LT, [EEERD » IO gfﬁﬁ
: . » o q
YRS (A,) OBEBRZEZ 750, BRSO y BANZTED « RS (A,)) l
8
oS BEsb A FabbRa ozt |17 - || < <
Ay Y Ay N ‘
HY. 2k Z{# [
LA~ AN |
Aq=—-A €, + A€, 14» *\ (5.2)
e, A
nEgEoRTHL, e Y
béuWi:h%’?ﬂ»[?} LW E R Ay
Y Sz —
~ [EEzD] Bk e
2% LIAsEAy FASEHELE (GBI v S " Y
EZTHEWV, I3FZTHRBEIUTOII1IC '4\
aéo _ém
b A €,
N A —=
Ao = A8, + Ay(—8,) = A8, + A8, (5.3)
“ﬁ —A 0o —-1][A
R OLEAIE { A,f} _ L . } { Aﬂ
FICERRET 5 LB C LIS,
. . &1 _[0 1][é
%E«&b»@%k@{_é}_LJ OH%}

ZODORBUIHWVIATHIDEE T/ > TV 5,

g@E%ML®EDf@ot@f\ﬁ§9@@%%Fﬁ@&&h»Aﬁm%eﬁm\imnmeﬁ%
BT BETEBHLTAS 2, UFD XSk 35,

A A,
/_/\ /_/R
I
—A
Tl —cosf| *| +sind Y
Al , A,
_|cos 0 A, L 0 —sinf||A;| |cost —sind||A, (5.4)
| 0 cost||A, sin 6 0 A, |sin® cost || A, '

5.1.2 IEEE

O DIAFRZAT> T o AKE ¢ DEERZAT S B QKT TEZALRD) A0+ ¢ DL
CRICEMETH 5, MTHIRBREZRBILLED D) DT, TZo0BEDQER IJMTHOHATHE

3 ZO1IMOREITENES > TRLKZDD», LDOEENZARDBHZHCTED LS BRIFETH I 54D I L 2HERIL
&9,
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TE 5%, oTADL,

cos¢® —sing| [cosf) —sinf
sing cos¢ | |sinf  cosf

_|cosdcosl —singsing  —cospsing —singcost|  |cos(0 + @) —sin(¢ 4 0) (5.5)
 |singcosf 4 cospsing  cospcosl —singsing | |sin(d +¢)  cos(o+ 6) '
Lo T, =ABROMEEHEIHTL 2,
. AEE ) OEERT o Th B AL o OEEEETTS | \
T, ZOMRERS & BERLCDDZE D

ANE 0 DEMRE T o T B A ) OFIEETS

cos¢ —sing y cost) —sinf

5 (ZoDf7%) DU THR I EZEKT ), TDH, 2

sing  cos¢ sinf)  cosf
RITDMFRIFITHI TR I N TINS5, iiﬁlfp%Z>L\&i%hb&i@ﬁ(ﬂ:@lﬁliﬁblkh/\“hbi\ VA N:=<s
M7ZrbEZR B,

LI s e omgofa (0] T h | v i o omgofsl | %) | o

cos 0 —sinf cosf

5:2%%%’@:;0 #%E& — p219 ~

5.1.3 B DOEBREBREORHR

BRoEEEEZERT 2. ROKTRT DDEZ D 3,

Y msozm " grozm

Al =

Ayey

P

M 0L b TRIROZH, Y5 EOBATORIONY MU A = 4,8, + A8, L &RIN

TV, Ay, Ay DZAGIC X o> THEEDEH T 2 DM LD (7 DEH), €,,8, D EDEIT K >
THEEHAEIT 2 DL DK (BREOZE) OFEZ T TH 5,
(5@m%#a{a @}%%H%Ztmib\&7bwﬁﬁ

= pli2

[ EIERES

4 FRFEERCRS 3. & DRIV EEEAIICOWTE R %,
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- L LA = [ . ]|cost —sin® A,
A= {ez ey} Ay - A= {ex ey} |ﬁin0 cost Ay (56)
DESC A EBINZDIED, ZoRE
- 0 —sind| | A
I—ls gl|cos " .
{ex ey} [sin@ cost | | A, (5:7)
A/
W
CEZNIN BB XNTZ)Z 212k B L, Y
- 0 —sinf| | A
I—ls &l|cos " .
{ew ey} [sin& cosf | | Ay (5:8)
o ]
L EANBBEENY MIDEBRINL)Z LIk B, (5.8) FEELTE L
o cosf)  sinf| |€,
A= {Az Ay} [ sinf cos (9] [é'y] (5.9)
€,
&y

YRBDT, B HEZIIRY FLVTRETAZ I LESRED. BT 272001745 &
[FEENRT MVEEIT 37200174 3AEWICIEEZH - 7-BFRTHZ L ICHFEREL LS, ZOBR
%x%%m%5k%m5#%bﬂ&mﬁ\:@:o@ﬁ@miofégiﬁbEEﬂﬁ@@iimﬁﬁ

ENBEDEEZD L,
y WD y BEEOTH
cos &, = cos 08, + sin 08
sin o = CO8UCs 78 v
X X
0 . 0 g,
0

|: : :| [FZORD M LICEBREIND, FLLWEEARD S
0 €, = cos (€, + sin b€, [c&3.
{A;} _ |:COS@ —SinQHAI} &, é.,
4, sinf ) cost || A, &/ | ~ | —sin0 cos || &,
o T, ATHIPHRE XN P FICKR> TR Z 2. ZOZDODEWH[E U HEL 2RI TEZ T

5Zehbhrd, HEEHZRONT MLE, HOEBERTAR L EDOKT] PR EDR ~DDOEHTIX
ESDTH 3,
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5.1.4 175 DERE & [BlERD1TY

a d

MilcbHTER EET 5 (o b0zl 2)) IMFE, 7512 [‘L Z ﬂ S0 e ®k>

c
K\ﬁkﬂékﬂﬁiéﬁﬁfﬁéoCﬂKiD\nxmﬁﬂ@mxnﬁﬂﬁ?béoﬁéﬁﬂfﬁ
25 EIERE L TR ITR IR ZED 5720,

BEEZ A DXt 20D LA ESHEFEOTI TS, BELTHILEF LTS (AT = A ik
TTF0) % TX#T5 (symmetric matrix) |, WICHKE T 2 L FEHEDB175] (AT = —A i
725475 % TR¥#TH (antisymmetric matrix) [°¥ 5 5, SFITHNC LA RKAFTINC L 5.
IEFATAI TR I NUIERDE L VWEETH 5,

RENUTOWEZ T ETIcbhrd

#&R 35: 177 DHEDIEE

(xA+Bﬂ3—AT+BT
@)(Aan’

(3)(aA) " —aAT
4)(AB)T =BTAT

RIRD (4) TP LEZRVE DR BN D LRV, [TH|OENT A

()" L -
1 Ul - Wy U Wy s U s Wy,
()" [ W Uy - Wy Up-y v Tz Wy
‘ . I [ If'l /U?Q ’U?” J = . . . . (510)
L (F )T J \‘Fu, : “ﬂ'l Fn . '1;"2 e F’n, : lFHJ
‘N
THH, ThEiRBET 22 L3,
N T . . . . . .
{ (1) —| Wy -V Wy Uy e Wy - Uy
o \T o o = o o
(ws) Wo - Uy Wy - Uy v+ Ws - Tp
(IF )T ‘Fn : Fl U?n . F_ o ‘Fn : Un
n

YFR32e 7 (ZOXSITHNDIERZERZZR Ve 2 @ ORNBEERAFICE LRV RoFIE.
TRET 2 & E T OMIEDIEFELSANE D Z L IZWETE 2155,
A 0 OEEEDITH R(9) =

cost)l —sinf costl  sinf

101\ ﬁi%?‘ékRTH:{ 1 rib, Z

sinf  cosf —sinf cosf

WIAE —0 OEHEDITHITH 3, 2D, RTIFR OHITHTH 3, ZHUMBRTIRATHRL,

=

5 X175 (alternating matrxi)), 'EWNFTY] (skew-symmetric matrix)] LHERZ L b H 5,
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THI R &, &,,8, ZH LIRERDOTINY F L 6,0, 8,0 AN DD LIRRTE 29 5RDTH 5.

. __|cosf) —sind 1 _ |cosd

Cat :[SiHO cosf 1 O] o [SiﬂH] (5.12)

. _|cosf —sinf _O | —sind

Cyo :[sinﬁ cosf 1 1] n [ cosf ] (5.13)
ZDZODNY ML FH ZEILAER) & F[? ZRILIAGER) THD, ZOXRT b A%IIND

ERMPTED, ZIT,

- T )
‘ (eze) ‘ — = _ |€z0-€z0 €z €yo
y €0 ey9 = |4 N 5 R (5.14)
@) S+ 8ay GGy
v | —
R’ R

DESLTHBY, RIR=1#F<brs (HEOHID &,,8, 7 & - & = o, iz LTV
Em . RS D & - 6 = 6y Bl LT B OISR, ‘ ‘

Y ERTEONED [HiERR T CHLTE22 GRITES I AIGEES 31, otk
BEEOTINCLITD & 5 Ic4iiE 2l %,

& 13: BERITIIDER
DR %73 R % NEZR{75] (orthogonal matrix)| &M,

R'R=I (5.15)

ZENZ TEA ] DA TWBDIE (TH 2R LD ATz &, FIRZ FOUVIHBICER LT
W3 (V\ﬁ*# 01 ZEKRL TV, ERITHNE TEREED & B FEAEADMEIEELL | ICHWSLN5,

cosf) —sinf

LN (v s2) 2xtomsemncs, |Gy " on0| CaRenn b0 (YAK 0 EHoTETORRTERLY
D) BdHb, HleEZET X, LY b o p213 A A — p219 A

5.1.5 BB OEEOERLE®ED &L

Z ZTcosl & sin D74 7 — R

— (=" , Lo, 14
coS ngzo @)l 0 29 —1—4! (5.16)
o0
. (=" ony1 _ Los, 15
=S gt g g3y g5 ... 1
S Z(2n+1) ETRRT (5.17)
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ZORIMKAT S &,

w

cosf) —sinb 1 0 0 -0 7% 0 0 %
= ) 5 ! 518
[sin@ cos ] [O 11 + [9 0 * 0 —% + _?’T! 0 + ( )
DEDIWTRBH, ZORMOFBAIMZ X A5 L,
cosf —sinb =1 0 -1 !
_ —pn 1
[Sinﬁ cos 0 ] ”Z:;) n! L 0 ] (5-19)

EXEDHDZIENTE D,

Hﬁ _ 1 [0 —1]" [cos6 O 0  —sinf] |, u . ;
3 »@MZ—OL O}:{O Cosg]+[sin0 O]XE%zuoufywﬂMy—o)

Ae —cos0+ismo e At~ B L. [ M wvo s EEEE D EAUERAEREL TV S

ewbra. s | ] ] U= L] een. @FTEE DrvsnmEsoTuzoTss.

DT,
e (x + iy) = zcosf — ysinf + i (zsin @ + y cos 6)

I RER2 . BETVHE LT 2HNT 2 IRENAE 0 OEIETH 2 Z e B3br b,

FEREIR D T 14 7 — 2R
expr = Z %:1:” (5.20)

n

ZERVWHL, e MTHITH-TH ZDOHADBER L EZ D L.
cost) —sind 0 -0 =1 10 -1 '
[Sin@ cos@} - P [6’ 01 7250 [1 O] (5:21)
LELIENTES,
MTHID exp o TR ? | EE x0T BABRVDEHE LRV, FAld HTHZ n T 2515 1&

HoTWahs, f’%‘ﬁwz%e" [(1) _011 DHEBEI O ERTS & B ZIEREIZ R0,

n=0 "

FEREE R,
. r\N
expr = A}gnoo (1 + N) (5.22)
DESBWMBTERT DD TER, FEIZ,
0 0 1 0 010 1 v
P [9 01 :NhinooQo k! OD (5:23)

LEZBHILHTE D,
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|11 0 010 -1
Z ZICHEN(TA — ERIE,
&Eh?ﬁﬁ][ 1]+NL 010) Bl

+[7T:0)/\‘7 Mg TELTREE ¢ LRy bwj}: WSEBOTH D, S T

/J‘ﬁﬂﬁ; DAL ITHELTWB, DFD rﬁﬁld‘ﬁ%ﬁ? DEEE|] % N B#EDIRST Z & THE 0 Ol
$E’E{’FO“CL\Z>
B TOHEE L exp DIBIT —i Z AT,

R() = exp i@[(_) _11 (5.24)
1

D & 5 IZEERfTHIZ £ L & & DITH

(_) _il (5.25)

%, TR T LR,
CHRS S MNAR) 28X T, ZOMNEIRD NEAF X =K% Ag 2 LT

V= (I-iA0G)V (5.26)

LHEIFD L E, G E2EHD TEMTF (generator) | EFER, 8T X =X BM/NTRVWEEIZ, £
IV = exp [-i0G]V 753, ERIFINCR S 20, 275 L AR F ORI OWTIE, (1§ BT

— pl99

R,

5.2 3 RTEEDITHIC KL BRIA

5.2.1 FREDRED OEFDITF

IRt

(5.27)

6 [ZOHBEREIRZZZ2206HEETIERVDOTIZ? | EOEIEDZ AP VWEI2d LAy, LML, ZOHEBEEEX%:
ﬁ ()= IR 5 3 \ N ,(£>2 7 (i) eI Y AN
14 (N) CER B, NAKECHRTEIAUE L+ () +- 25D 0 () TEakL,
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t%mtt%(ﬁFN7bw%ﬂ&7bthkt%)@ﬁﬂRKomf%zfm<:zK?éob

A, Ay
A-le, & &||a,| >4 =& & &|R|4, (5.28)
A, A,

EWVWHSEEF (MART PLRFIRT MLe Lzt %) OBEICHEICAZITIIIR XAlT57-0TH
%o S‘ébi\\RT = R‘“C%Z) 2R IEhr2 DT, THI%REZBTHDBMLV 2B 72 NEER
DITANZELE L TE Z UL K0,

SKILDEHEZE Z 27012, UNMIRT L5 R 3FHED 2 Xthfinz ¥ 3HEZX 52L&k 5,

2 WHE D DEHEIK vy SEHTOEEEZ S, 2 RTDEEEE R TIZk 5,

¥4
cos) sinf 0
_ o T wmEmns
~BABID DEEE : R,0) = —s(l)nﬁ 0059 0 U wEEALETHE (5.29)

// y

DX IIATHITRIEEIN S, 2 WKL TEMD LBRVWDT, ZOEHFTE1ICHR>TVWDB, &0
TR ELTICEZ R T UTD L STk 5,

€, = cos €, +sinbé,, €, = —sinb€, + coshE€,, €, =§€, (5.30)

[FBIC, o BhlE D DL e D DEEZ KRBT 2 L AT D L 512k %,

<
Yamzns
ZAEALBIAE
1 0 0
rEBEIDDEER : Ry(0)= |0 cosl sinb (5.31)
0 —sinf cost )4

PO

7T OARHETIE, RO LT 21TIIE R, BEEZERT 21TAIIE R 5 %,
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Z @EEhs Z
€T #WRAEAERBY M

cost/ 0 —sinf

JEEIDDEER: Ry0)=| 0 1 0 (5.32)

75 Yy
y-’
I D QEEES S FESMADOTIZ? —r FEFICES AA NS D7, 4 #iE b omiEi

(2 > OMEEL] WS e Z2EZDE, ZTRUTOVWI eRbh 5,
ZIZTEHEBERIEEZ., ZhS5DITAIEEWVIATIERWI 2 TH b, BERINCGEIELTAS L,

sinff 0 cosf

R0 Ra(d
A A
1 0 0 cos¢p sing 0 cos ¢ sin ¢ 0
0 cosfl sinf| |—sing cos¢p 0| = |—coslsing coslcos¢p  sinfd (5.33)
0 —sinf cost 0 0 1 sinfsin¢y —sinfcos¢ cosf
Ro¢ Rl 0
A A
cos¢ sino O-‘ {1 0 0 cos® cosfsing sinfsin o
|—sing cos¢ 0| |0 cosf sinf| = |—sing cosfOcos¢p sinbcosq| (5.34)
0 0 1J LO —sinf cosf 0 —sind cos ()

THB (ZOFERHRIZEE TEE L CAEOEENICT 5 ¥ —]T 5.
BHEI D12 0 [ LT A B - ilE] D 12 o [
ZEHEIDIC o EIL TS 2 ®hE D12 6 BT
HPEBLCTAHATERL LS,
BAEAEIT B LAVA LS s, HE BT (B ICRT 3BT
COWTER DL Bio, BERENIED,

/f77U®UV7~\
DIERPES %, ] 2 oo [allE
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5.2.2 —AZD[OlE5:Euler A A LPET AN

ETIITUR RDOBTHT OIS RHT 507 L5 5EHH Euler f4
Bz e BT, ZoMicHT 3EEL LT M EoliEflagbEh
. IRTOEENIIRITZ20TIE? ) LEASEA5,

MHAGDE S HEEZBBEL A, ITHIOHRATH L, L{HDNLDDH
MEuler & (Euler Angle) ¥\ 5 3 DD 5 X — X %&ffi- 72475 T, %

EEDZEHI 077 5 \_ Y,
R Rx(6 R
cosy siny 0| |1 0 0 cos¢ sing O
—sinty cosyr 0| |0 cosf sinf| |—sing cos¢p 0O (5.35)
0 0 11 |0 —sin® cosd 0 0 1

DEI7%3ODITHDOETHERZ R T2, CZTR2MTHD, RS ®WED., BB & DD
mfRE o7z, ZOIEDITHIORE[M S HEIE TZXZ DA A4 7 —AIC X 288 LR, {T40MHA
BbHEEMICD XYZ LD T2 ddH 5,

CORIFEMERICEHET S L

cos 1) cos ¢ — sin 1) cos @ sin & cossin ¢ + sincosfcosp  sinsin 6
—sincos ¢ —costcosfsing —sinisin¢ 4 cost)cosf cosp cos ) sin b (5.36)
sin 6 sin ¢ —sin f cos ¢ cosf

L%, FKDOZM TR S oy DZEM I o 22 IRE T L WD T,

cos 1) cos ¢ —sincosfsing —sinicoso — coshcosfsing  sinfsin ¢
cossin ¢ + sincosflcosp —sinsin @ + costcoslcosd —sin b cos @ (5.37)
sin ¢ sin 0 cos 1) sin 0 cos 0

E7 %, ZOTH (ZHATH 1%

R.($ R0 R(¢
A A A
cos¢p —sing 0 |1 0 0 cost) —siny 0
sing cos¢ 0| |0 cosf —sinf| |sine) cosivr 0 (5.38)
0 0 1| |0 sinf cosf 0 0 1

ERBHTDHZLHTE S,

8 TZAREMIIETZV) LW AP WL LS, Z2H2HZDONE 3 KCHEZITHTRT Z & 20 b DITHEBRA 2V
DD

9 Euler @A XA FHRILTIE (44T —1o ZLOEHERIBLEEAA 7 - 1Tb LT,

10 R CAEZRTEITOEHDITHIAR L TR, AE L2 & RMFZIC LT, THDIEFZHICT 2, H2WE (o5
DFFHBHEIED) ATHIREZETES 2,
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Ay
WZIZ, MPDEMBME LTEZAD L ELEROEREEZ 2% (DFD |4, KHTZL
Az

s | KHNT 2 E) L 0 -0 -0 DIEEDPHICL S (R e RK, ©5 622 200ICTE

1
D o zSDl

a1

)o TODZEHT.

~ [ N

5T D2

(H)RZ PV 2 BE D o 723 ES,
(2)[E] o T IR RN o« B [E] Dz 6 721

HEDEH

(1) FEfSh % ~ B DT ¢ 720 M3,
(2)H] 5 7=AHERD = @[ DI 6 721 [5,

S il e
(S)E?‘EOK RRO 2 MOEID i y 71 (3) > TV SR - B D12 o 71
° ) [0
\_ J

EWVWSFIHDBE DD 5 (RRIE—#).

Yy

COREDEL Y O OEHRDE N THEERAME S &
MIADERRICE 2 ) OEWE, REHFHLTVWEIERPE &Y
EH BN, WM X - TE TEEROZEH 25 TYIRD SR
2] ZeXRA2GEEDHLZDOT, BCEZTLEDLR
WESITHFEEL XS,

CCG (av¥a—&T757427R) R TYRDMEELEE R
S 2 &k, TUIRCEESNZEESR) 2 Tk o
-T2, 2WSTRITITLCTEIEeDHE, D
FH, 7o ZIZMOARATHEORE A (1,0,0) H B, Rk
ETETENRZILDIDBDTH 3,

ZOBEE TWIRCEE SN EERD) BEOZER ©
BB TEEZRNL K o6 Tw3) MikoHls 2%
B3 %, AOKD & 5 RITEDPIRCEI 2Kk %E 70 25 4
T3 EIX. RITHICEIE SN BIER X,Y, Z DEREHNE
fixh s,

e D

[ [\ (M 5-3] (5.36) 2T &, %72 XYZ DA A 5 —MAIC& 2175 Ru(¢)Ry(0)Rx(¢) ¥ ZYX DA A T —FI &

— pl21

%175 Rx(¢)Ry(0) Ro(¢)) ZETEA LM, i WE - p219 A

LN (R 5-4) ﬁ%5—@%@otﬁﬂgﬂamiofio®$&N7Fw{é,F},8 B Y ABNY P IICER

TNBHEHEL, TASHES 1 THVRERZLTWA 2 & 2 HERE X, wey WE o p220 A

LN (B 58] HIFITROEZODRMARY PAOERD, EEOHFIC A 5N 5 L EmE, RN

EEVHMAY PR [0<a<r,0<B<2r [RiliTAEAT X2 %MHoT 21222?55 L RBTE 5,
cos

EYvh - p213 A S — p220 A

A Az Az

LN (Fv5-6] H2MEEEZEBRLTVEITH] | Asr Az Asz
As1 Asz2  Ass

HEANZ2DE—DRXIRELIZNE I EEZ X, by b > p214 A fRE — p220 A

. J

H—oE 25Nt & ZiUd Euler ATIRYE 5K
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5.2.3 EVWEDBED DElEE -

CIZT, HEERRT2H5—200FZ /LT Mo,y 2 8L 13ES. ROOWOE D IZET ) ZeTHEERRT 22,
bTEZSTHS, Higihz, 280 cfic@mroTORL, 20HL zMiEFbHIC O ZIFEELH LT, ZoH
L | R N & T i B e 3 g = S O B R R4S [1 | 7 S

©, P H AR Tz Ll 2
ZHcFF o T 3

/_/H
R(®)Ry(O)R(1))Ry(—O)R,(—P) (5-39)
H_/
il TR
. [[(ry®)Ry©)) s
TREHENS, BRICb» B X512, Z20175] ¢ / BEWISETAITH 5,

(Ry(—O)R,(—®) |

R,(® Ry(©)
A A
cos® —sin® 0 cos © 0 sin® cos®Pcos® —sind® cos Psin O
sin® cos® O 0 1 0 = |sin®cos® cos® sinPsin©O (5.40)
0 0 1| |—sin® 0 cos® —sin® 0 cos ©
Ry(—©) R,(—®)
A A
cos® 0 —sin® cos @ sin® 0 cosPcos® sindPcos® —sin®
0 1 0 —sin® cos® 0| = —sin ® cos P 0 (5.41)
sin® 0 cos © 0 0 1 cosPsin®  sin ®sin © cos ©

Z OEELDITHIA, T2 WE b OARE U OElfL) DfTF% Ry P)Ry(O) & Ry(—O)R,(—P) £\, HWITHTHITH %
—ODITFITRAZRERE LTRONT NS ZLICERL & 5. BRTHAT L LA Ofick>Tw5,
— plb

(5.39) OEtHEZ BRANZEIE L 2RI (PRI R2 0T,

Co =cosa, Sq =sina,Co =1 — cosa |2\ 5 BWE%

AW
(Cs)?C(Se)? +C C2S4C,(S0)® —S,Co  (CaC,Co + 555..) S
C8:C 1 (Se)? +5.Co  (82)?C(S0)?+Cy (S6C.Co — CuS.) Seo (5.42)
(CoC..Co — 828,) So (S6C.Co + Ca8,) Se ~Cy(Se)® +1
THB%

5.3 3 RITEERDERTF

5.3.1 REDED OEEROERTF

(5.39) DEAFNCE E N R,(®) 13 2 KITDHE D (5.24) L [FFIC,

= plis8
0 —i 0

R,®) =exp| —i®|i 0 0 (5.43)
0 0 0

11 TXYZ) oBEWE. B X [l XK Y \iE, RE%ICZ EfE) 20T, [THORIE RAV)RY(0)RLP) D& ST 3,
12 ZOFHEIREVWEITHEDAHL DRV LHBEHTHRV, FMREATVAVAERT Z2DIFHELWVHD LIRS,
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R
f 0 —i 0f)

DEIR TERFD expl OFICHFH TS, L,=|i 0 0| 28 [Z8ED OEEDOENRTF) TH 5,

0 0 0|
kI, /
0 0 0 0 0 i
R(®)=exp| —=i® [0 0 —i| |, Ry®) =exp| —i®|0 0 O
0 i O —-i 0 0
THH, 3 =DDHKFIX
0 0 O 0 0 i 0 —i 0
Ly=1(0 0 —i|, Ly=]0 0 0|, L,=1]i 0 O
0 0 —-i 0 0 0 0 O

%%,

5.3.2 EMFORIRER

(5.44)

(5.45)

3 XTTEERDATHIDB AN AR TR o e T e Dt e LT, 3 Rt F & BV AR T

— pl20

W, WIS 2175 (EET) DFAIR. @%MHOTﬁé BIEZDERFOBETEELT

PN
0o olfo o i 0 0 illo o o
Lo, Ly]=|{0 0 —i| [0 0 0|—|0 0 0|0 0 —i
0 i 0]|-i 0 0 i 0 o0/loi o
0 0 0 0 -1 0 0 1 0
—-1 0 0 =10 0 0/ =|=1 0 0| =iL,
0 00 0 0 0 0 0 0

Y%, ZhANoR @%M@L@f®#470/7%ﬁfﬁ%hé

5.3.3 EE@EMNTD@E@&XBﬁ?

I 74 5 — BB oxp A — Z LA

\,

I I
/_/H /_/H n
M'A"™M =M 'AMM 'AMM 'A.--M = (M'AM)

il zfEs k.

M~ (exp A)M = exp(M~AM) B5FE 5, WAIC,

R, ®)RyO)exp| —ia|i 0 0| |RyY—O)R,(—®)
0 0 1
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—exp| —iaR,(®)R,(O)[i 0 0|R,(—O)R,(—®) (5.48)
0 0 1

LHHET SN TE S,

0 —i 0
IHLT. R(MPIRY/O)|i 0 0|Ry/—O)R[—P) EWHTHI%Z [O,D FFHEZ AN FH#E b DE
0 0 0

HOEMF) EEZD I TES, BRIICEHET S &

(cos®cos® —sin® cosPsin O
sin®cos® cos® sin®sin©®
—sin© 0 cos ©

0 —i 0| |cos®Pcos® sindcos® —sinO®

i 0 0 —sin® cos O 0
0 0 Of|cos®sin® sin®sin® cosO
(cos®cos® —sin® cosPsin © isin ® —icos® 0

=|sin®cos® cos® sSind®sinO®| |icosPcos® isindcos® —isin®

—sin© 0 cos © 0 0 0
I 0 —icos© isin @ sin ©
= icos©® 0 —icos®sin O (5.49)
—isin®sin® icosPsin© 0
B, ZThix
0 —i 0 0 0 i 0 0 O
sinO@cos®|i 0 O|+sinOsin®|[0 0 O0|+cosOL, |0 0 —i (5.50)
0 0 0 —-i 0 0 0 i 0
M M —
Ly Ly L,

LioTED, 2820 rECH2->TORL, 20 - llixHDIC O ZFEEEL 726 OFbHD
FERZERFEL TW5,
AIE T A1X(5.39)D L 512, THZFEIL T HEEEL THRTHEZEST) O X 51U TEREOHID E

— pl23

DOEEREE X 72D ThH 20, RERMHL» S EEOBORE D OREEDER T % (5.50) TRHE L
T, —iaffLTexp DHICEENE TZOHDORE Y DAE o DL HERITE 72,

54 EEFELTOITH E HBER

=) zzC, RBERCET s ERRREHLTE IS,
@%?@?%%%u

[A,BC| = [A,B]@ + é@q (5.51)
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-9 (TANcH 3 BIERNcH T, 821253 Cl3BA T LA — L THET3), ZORIK
hifozZ i, Mm% NESLTY AdL,

[A,B]C B[A,C]

ABC — BAC + BAC — ACB = ABC — ACB (5.52)

YD GEREENRIES LERICE-TNE) 2L TTCIchns,
KIS [A EDWFB BWS TEEL B (B LASOBARLEZ S, (S)EMNTEI 2T
4 7= o

d d C
4, BO) = ((thgiékE;(IEDC) (5.53)
ERICEZ LTWa,

REHRZHNIE AB T3k S RHEBER [A, B] MAITHIET 2000w b, HAETOMFRES
2B EIEIC BADFEDORY FARVBRIN] TEZTVWAEINLTH S,

i (Alz)flx)) — A(;r)i_ (fle)) = ((;LA(;L'O fl) (5.54)

[%7.4\ ,’I?J]f\ T)
D& TS () KHEEDB flo) 20 d) W SRAEEZ S . ZORIITBVTIE
d d
{ A(.’I,‘):| < <A(:1;)) (5.55)

dx’ de
EXIRT B bbb,

%2‘;<ﬁ5§@@%mﬁ[§,@:1km5@ﬁaaow%mwfmawﬁﬁajﬁW@%%arwﬁurﬁax
i )

\

PHNT B BEORKROBXBETS £ (1 2#HNF 2 (T LW HIECH 5,

(5.51) & 4= < [FIkRIC

— pl25

[Aacp;gmxﬂ+mﬁi% (5.56)

D ITD (Zhd, TRHCH 2 A FRTICH T, BA12H2 BldgascH$)),

AR,
[A,BCD] = [A,B{CD + B[A)C|D + BC[AD] (5.57)
J‘@
[AB,CD] = [A[G{BD + C[AD]B + A[B.C{D + AC[B.D] (5.58)
H D LD,

/O (5.57) % (5.58) Z/RIT DI, DIHLIINLDNDMBIREIE S THEIR N, (5.57) 7256, $3 CD 22—

TEZ T,
A,BCD]=[A,B]CD +B[A,CD 5.59

126



L7, 2T L THG(5.51) 2RI X0,

— pl125

CGetumigis, ARERIR D SHBIRO % FAHT 2) 525, AHERBIMS.

(5.51) T B« C MO ERALRZEoTI VTR S L,

> pl25

[A,BC] =[A,B]C+BJ[A,C]
-) [A,CB] =[A,C]B+C[A,B] (5.60)
[A,BC—-CB] =[A,B]C-CJ[A,B]+B[A,C]-[A,C|B

[A,[B,C]] [[A,B],C] [B,[A,C]]
EVSAMNTES, HELDTEDT

Zﬁéo::T&ﬁ%%@ﬁﬂﬁﬁ%@ofmﬁ®lh§i%LooﬁiﬁU77%@@%ﬁﬁ$i
21T B L,

#&R 36: ¥ IE1EFT (Jacobi identity)

[A,[B,C]]+ [B,[C,A]| + [C,[A,B]] =0 (5.62)

PRONS,
¥ aeE%Rad LIRS 2L T

ETBEDUEIERPEZITL 3, [A+] 1 A DPMPHEETTHIUE T+ 2MH T2 ST 20H
EK&%:&@%@@NtO%@Eﬁ%?n@\%:aﬁ%ﬁm

B #HLTas A BHLTRS [4,B] Wiy s
A WHTB B M55

L%, CORDEKRT 2L A& TAMD) & TB#W) OREEIRIX (A B #73Icks, 20
e Thb,
A DL, TBD L, THIHE,

[Lx, [Ly, C]] — [Ly, [Lx, C]] = [[A, B], C] (5.65)
~ ~ ~—~—
y EfELTH 5 z BEfELTH S iL,
x [¥ET 5% y [Hi5d 3 H/—/
PRI )

o B D CHUNEE LT & y BIE D BN B, |

\y (A D 12 MU NEEE U & o BlE] D I B NElEE T 3, ‘
TR0, A Z OV 2 lE D IS BUNEE S 2 2 ¥ TRIETE 3,

Yib, OFD, D_ODFERIZFEL
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BBOE N7 NMJLZER

=) Z2%T NZ PR HEAABD) o TRAL e, BERZ DL LT TER, BEOFHDO—D
& THSHL) TH5 GRIETS 2 LI ko THIBE XD EVERTRS 2L TE3 X5k 3).

ZZT, UFTE TRZ by 205 BEOERE T 5 LILKHD T 2ITT 5,

FFARMIRICENTH LB L R A 7 — BN TE S L5 R DOIERMAL ML THE,

(ZABZLEBoRBRVTVORENZ FATIE? JeBol An—BREZELW,

6.1 ZHZHARTMIILLIFBAER?

6.1.1 R MILERBDOEE

DIRTIE TRZ bv) 205 SEZIFFICHRINMES DT, ZOEKRTONRY MUIZHETD
iDL WCRAEMES OTIERL, a D XS BN Ty » Z7KTRET 223 2, ZOMKHIK
(X7 vy OBREN TRZ FVER) TH 5,

T L5 B2 R>—o0HE (ZNFEFTHRoTEL TRELALEME) PERSINTVDS
&% TRT MILZEM (vector space)) (F7:13 THRAZZERE (linear space)]) &S,

¥3 TELE) »

EF 14: N7 NLZEBDSEME: 1L

RO KD BMEZFD THE) R 200TE0 6 —2DTTANDER {a,b} — a+ b HE
#2TES,

XA EEDITa,biZDOWVT,

at+b=b+a (6.1)
AR EEoita,b,ciloWVT,
(a+b)+c=a+(b+c) (6.2)
Bfi;zt EEOILa L.
at+0=a (6.3)

£7%—o05w (BATTEMY To) & &EL) BFET %,

1 BEARCEEHZ DT,
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W EEDICa ZREITH L,

L7 BTC —a BPIRIET %,

CERSN, [RAHT7—F) BUTOLSICERSND,

EE 15: XU MLEBDEMSF: AhT—F
RDES B RED T2 H5 %) (a— aa | DER® TE 5,

A EEOILa L A I T — o, ITDOVT,

a(fa) = p(aa) (6.5)

1% EEDILa DT,
lxa=a (6.6)

SECR (R RMILOFICDOWVWT) FEDILa,b 2 RAHT— alZDOWVWT,

ala+b)=aa+ab (6.7)

SEA (RAS—IC2WT) FEDTaLAHT— a,f IO,

(o + p)a=caa+ pa (6.8)

FAQ) o sty 1 @R 2L HOTIA?

— p1l8

AL bOEEATVSN, RBR2 EEALL B, A2 MLk e n Mz D) T

> pl8

HDBLWVWHIERPEICH-T, ZORLEDEERD T TIRITDOATVWE, ZITEXATVED
3z, BARRBAE (éﬂlﬁwﬂ’cﬁéa%’cm% ) BEZTIC TZAREENTE 5 22MH
BHotzt Lizb) LWSREZ HFERICE

FLOEERD T2H 75— (e p)) BEETH25E%E [ENT MILZERM (real vector space) (¥
721% TRIFHZZER (real linear space) ), R TH 255 % HEHRARY ~ILZER (complex vector
space) | (£721% TEHEHAZRI (complex linear space) ) ¥ & 5,

2 KOHEICELLRS, R MNVEBOBEZEDFEDH a, b IR L TR LR OBEZEDR—DORIGT % & W\ D WSE#RE 7F
BIEMTES, WS I LIThd, &N TiE) TH 20, ZONEZ2E > TOIUZEROBEEIZL AR DTH WV,
3 THELBIDEFICEL RS, R MEMOBHEDEE a L A H 5 — (EREHIEFE) o DI L TR P ILZER

DBEZED—OMNIET 2 VI MCEREESZ Z 2 TES, 2W0WH Z2IiTkd,
4 HorWEAY LT MEHRZ MLVZERM) 2 TEHEANY FLVZER ] BH->THVWWL, o2 AWESY LT MU
N7 MVZER]] BZHoTHVWEB I, ZRHIET I TEEZIR WV,
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TRT PNVEBERERT PVERE ZNZFN TEBERBIKE 357 b V2Ef) THEZBRE R
KT 27 MV DXSITERZ LS H B0,

FAQ| RBBIPEAANED I AWVIE>THEATTH ?

EFE 14 TEVWTWS ME) & Twhbw3EEDR LA YIRS Z WV, b 3 HED

> pl28

RLE] TRARWHELRZFR > TE T, ZADBRT MLVERBICRZ20E S0 2HET5, 722 %
W TZOZEMIBI 2 IMEL EZZOOEBOVFEEMEBRIETH L) LWVWIEREIND Z &
TE23H, ZOERTIFMEERDELD /23, R PVEMTIERV, BEETIE. 25K
—RENEEZ LS T H5DT, M0l LB ZABHHEL LT (WS Zeldo%
D, BZDHILSROVDBDBEFEAELTVWEEEZT) [Z250ISFIHEDHIUIMDEZ 20 %
EZTWDTH 5,

BAIEZOBRLIESL L TZORENH-INDR O EARERNPE T Z0) 2FEZ TV, 5L T
BLZETHRTHBEMMBRT PLVEMTHZ AL SE. TOODEMAHEZ % & HIEEICH
WMTEx2bITHs, ZhniFnInd MIEZYLDAOZ %] EEVWRLRZIZEIC MY DA
DEMFETH D, ZREFEADPEERFE > TOZENTTIC RZ MLVZEM) KBS 2BE2LTH 5,

EFE14 D E ¥ BRI D 2B —fF) 2D TERET I L,

— pl28 — pl29

(OO CODMIHEEIROO)DOOH, EZTWEHRY M AZEMOHIIEE L TV TRV
Z30N

&% %,

WL ODDEFZATEI S, oL dbDFEHRVARY MZEMIZ 0T ZELERETH S, Mk
X 0+0=0TERL, XA 7% [0MzHIT TS 0) TERTI. X7 PAVEMORHEZ S
Nz T (23R, 2E 570,

EHOEEENZ MVEBERT, (FRY EROBIGHE S XER)E 5 TH 510 (TE Y ML
HHZYIRABL LE D), 2L, REOTD 2755 —) BEHRHT L STV E RIS L MERC
BoTLEIDS, EXRT MLZEMTH > THENRT FVERTIZRWD,

ﬁﬁnﬂ@%@a@iﬂ@ﬁm%awﬁﬁﬁm@f\@%ﬁ%&ybw%%f@a<:%amxﬁ

7 —FFHT HWHRITH KV, MRS T 200 TH B),

bHEAA. R ML A GRIEDHEICEDTRITIUI, (A, A, A.) 2753) 3 EOETDE
i’z 3

jt%muh\0< RZ M) &hd TRER) DD [RT ML) OHBRICA S, 7t 23D 548

5 [REE) 3 EDEBROHFT FIRAHS5—) LIFATWAENR YD LS ME) WBLTWA2Z RIS, MK 132 2T
SEOEHME (MELREDRE AL ERIN TV I LM 2RBTIEETDH 3,

6 RZMERRHITEEZDD] 2 R MLIAZE L REIDHZDD] LB o= NE. B BEED TR b
LIHEN D Z B IIREEAH B LB, ZZTO (RZ ML) ZES WS ERRDE,
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DER (a<x<b2?) TERINZBE flo) 13LIRBENRZ PV TH B,

Y70 LEFE o7, BOPRKEBLEOFGEZHELZERVEIR DD S, - 21X TEHR
B OREEEZL Y, SHA LSRR T 2. BMATE 0 RIOBA, HO0TH5) &
THAKL KREEARVTL, a DWTLL RS —a BAOKTH 55 [HAK KEETRRWV,
(BB BAROBIBR A BAR Y ZH 55 V)D 7,

NZ P AVERONE R T 5. 0TI

R 37 BiIcomE—4
N7 P VERNZEAITCE—2 LW,

R 38: WrtOME—
R PVZEBD—DDIC a 1 L THIT —a l&—2 LR,

D &S BEEDBED LD, HEZOTHELE LT TEI I,

) ‘ \ [(Bw6-1] Eo=ofER%3FHE X, Vb o p214 A fE — p221 A

6.2 RN NILEEOEE

BRRXICRZ b NVERTH 256, M7 P AEREORIEEEEIES 2 L THORZ P L
FKHTX28, R MV D2 2, UTOWERIEETRZ MLOHE TV ORE] IR,

T 16: N MILEROEE
R MVEBV TEENIZE2TOEZRE, HEXT MO v, OIS T

T1VL + 2ove + -+ TyVy (6.9)

DESI—EBEWICRETEZ &, v, & [VORE| 2FERX, N%2 [V ORXRIL] &M,
N=dimV |2F&7J,

Lo T—=BIZ) LV BEOEKRIE TZODHIET—2DRY MBRBTE/D LRV, 22T
H5,
EFRICE DIFIFEWEED, LROZENF X %,
fER 39: N RTARY MLERIE N BOREERFD
()N KIERZ bAVZERNDO N XD REVEONT bUVIRHTIRIZIEE TH 5.
(2)N RIEANZ FOVZERNICHEMNI 2 N DR 7 PO HIUR, ZOMITEREL 723,

7T HAREDPO0OEBDIOCTRIERDDHZICIED S,
8 T, M ANRZ PLEFAREDOHKETIIRL ENRVIEELNDH - T, ZOHEIE THRIOTR S M VR ¥ ird, K

ETRDHEDPbR,
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INEFTEZ TV N EOEE MR T v

ail 1 0 0
as 0 1 0
Sl =a || faz|. |+ tay . (6.10)
ay 0 0 1

1 0 0

! o |1 of .
DX IITHEE ol | DMFEAEE Y L TRIRTE %,
ol o 1

6.3 N7 MILZERDH

6.3.1 npTDONT RIL

T
2

n &8O R Z MR8 D WBERY PVERE 85, AHT7— LTEZERZE> TR ALk

Ty
WV 29T BLIDENSEFEANLTLEIDLSOTHE, EHOESGZROIIETE X, nf
DEBEWNRZEFITIR ©RT,

21
AR, n EOBERKEIAT= D WBHEBERY MVERE R, C" 2 RT, NT FMLVERO
2n
FEHOHIZIE C* DHFEIXK D LOD R TR D 72720 DHZ WV, Ko TIDZODEWVIIER
TH 5,
R" 3 C" dXTTIE n TH 2P, X C" OFZXEER» T 2FRBITERBTHDH, HEHIZ>0D

EHCTRHTZE205, CPIEIERTEZS L 2E0EHERZF > TWAZ Itk 3,

\\[ﬁmGﬂ xﬁiﬁfzﬁﬁiﬁfaaﬁ%@«7[}%%z;oom&%xwy-ﬁmkazobuﬁiﬁéz
RN BIXFERT P VZERNCI S0, HEBENY MVERICR 20 ? W% = p221 ~

6.3.2 177

n x nfi8l A DEEIEIRZ MAVEMICKR S, BLEY AN 7 —fI3MTHROEPSEHRTE, BH
R - ZHGEA - DEGERIE 2 LW e MR TH 2, MBEIZHEDHL 20830 k5%,

T8 L ATHI DRBAE EVEATANZE H &0 FRSERHEE DT TR TTHI 37 MLERNC R %,

TN BREEDEMEE DI THRY MIIVERNIC R 261535 %, ttxuﬁﬂﬁWAT A@%A
& DRFMTHI & M THI OBEAE G300 D JFMTHIL & W05 & 2723 O TR FVZERICH 5,
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2 x 2179 D%E. FEE
a bl _ 10 L]0
c dl 700 0 0
DEICA4ODITHITRIRT 2N TES, DFE D, 4RKITLDONRY MILVZERTH 3, MFMTHIZ S
a bl _ 10
b dl |00
DX HEMRIIND (3 HKITDORY b ILZER),

DIRCTE®RTS Iz I— M BETFHFETOIGHIRHCERR,

0 0|

d
1 0 N

+c 0 1

0 0] (6.11)

0 1

b
* 10

0 0
+d|, 11 (6.12)

EELT: TILS—bHRrTILI—HTF)

MERBHEN- T, XHRERET %) HE% [T)LS— 1% (Hermitian conjugate) |
LI, RS T R o TRBT 210,

M'! =M %72 31751% TT)L S — F75] (Hermitian matrix)] ¥ FER,

I)L I — PEEBAUTNOMEZMW/ZT I 2T IThdr s

R 40: THOTILI — b RIEOME
(1 )(A+B)T =A"+Bf

2)(AN =
(3)(aA)" = « AT
(4)(AB)" = BTAf

T * *
22 oisloma. |¢ 0 =|Y Clwns, |0 BIaz— M ASICHBEDICE. 0d
c d b* d c d

WBEBTHD, 2D, b=c" TR TEWVWITRWV, uv,z,y ZEBE T3 L, [ —1: x_ly] W
x + iy v
5’1:2"67; < Tbib\ajf‘ﬁb\o :O)fﬁ‘ﬁ”%u?@i 5 b:@ﬁlﬁ?—é Ty %).,G%z)o

Lol foal, Too—il L oo
00 10 Yo 01
u+v|1l O 0 1 0 —i u—v|1l 0
= u-v 1
2 10 1 xL ol TY; 01+ 2 {0 1] (6.13)
\/_/

DF D 2x 2T I — MTFIOHEEZ
10 0 1 o —i| _[1 0
0 1’771 o i 0" o -1

9 ¥l TV I — b (Charles Hermite) £\ 5 7 7 ¥ A NBHEE O ARNCHT, RO THASTIZ TZVI—b] k3,
b o d, HiEFHEE X Hermitian 1X NE—Ao LAl ODEIRFHET I L5, WHTIIHTL S Tz —b2IENA)

ICHHEKR LTV
10 ZoE=e ik Fﬁ?yb—J Y, WRIREN®T 2, ATIZ T2— - 20— D X5 2H,

(6.14)
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OSSN THD, R w, 2,y 2 FEBTH S (LI — MFFDIEBZRY P ILZERNITERY L2
FEle)o

N [ 6-3] UROITHIDERIEIN Y PR T ? —REBRIEERCH R T B,

(1) AR5
(2) L =475
(3)1FHI3X3 0 T2 2 475

fRE — p221 N

6.3.3 ZIER

n RDZHER ag + arr + age® + - ape™ OEFF. BRLE L 2D 7 —fFI3FEEIER - LR -
DEFEAZHT IO ICERTEL L. MEHEZLoTH n ROZBHATH D, BT 0 dHIT
—ag — a1 — apr? — - apa™ BIFETBDTRY PILZERTH 5,

EELTHRLVDIE. ag+ a1z + a1’ + - apa™ WV —DDEMBRRZ P ARDOTIER L,
r &5 zZNL ag+ a1 + asr? + - ans" b B WS NSEGR (B 20 0BRZ FLTH
Borws e, (r+38 T2 —4RETE T2 450 — LIKAB)L WS BIHRIHED o 1ch LT
LS 2 DT, TRBU 2D DI LTHRIZY %,

n ROZHERIE ag 225 ap, FT. n+ 1ADNRT A=K EFFD n+ 1 RXTLDONRY PLVEMTH %,

6.4 REEHRE Ker,Im

6.4.1 —ARBVRRIZER

MR EAR ) @ﬁ%big@ﬁ EHiTiTo =0, ZOBEKT R 21X

{ﬁﬁ%ﬁé\%ﬁi% VS HRE P EBRE, EFEEZZZ THRRIIFL,

Thotze EHILLTHoL b HICTZ2DIE, [RZ ML TIFFHI M R ENF TR bV (M7) %
B3 2WIHFHHET, 20 0 (M7) &5 BRI I EDOERZZ T,

e T LT, ERZ ML AL ONEEM-TA -T2 EWVWSRY MAhSRA T —%1F
2ER T~ A7 HVEBRTDH 3,

ZIERIC T 2B ESR e L TEERDOD W) TH2, W

d d

fla —|—Bi

A (6.15)

%ﬁf:j—o

11 ox,0y,0, & X7 VTH]) 2IEEH, WHEOHS 5 25 5 TEMFRICR 21THITH 5,
12 T I — MIFIOBNTIZEENE TN TVEH, ZAHT5—ET 2 L EORBPERBDEDHERY FIVEMTH S,
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6.4.2 Ker & Im

RNZ MV ERY PVIZETHIEER 6 ) IXD, 0130 EHBEN S,

#la+0)=¢a)+ 60 (6.16)
e
DEICEBRINZ0ZR LTS, BRRIZH0) Z1ToTHRALTHL VWO X (BEERZL 2%z
M7z 3) ZENUX, ¢0) =0 THBZ bbb, ZOMHEIZ, BEXTWS IRXF b BEZEAT
HoTHELW (22, ETHEVEHITHZ Mo 1k 0 2w ZEAXE 0I5B T 2),
W pla) =012 o7hrbeWVwoTa=0CIdRo7R0, 0 TERWARY MLOEBRD 012785
AREMEE D 2 (Mt WO BEROSGE. EBEMITTNI0THS), B ¢ 2T L 0 1TRIERD
#E5% T (kernel) B2 IFEY, Kerg WSS TRE Y 5,

EF 18: Ker DESHR

VOBEAERDS S, BIRf:V - W ORRB 0 R 2EER, [f D% LI, Ker f &
RELT %,

- I/(erf
COBAEEFO CEHRINS

Ker EWOSFHLWEREZHoTW32, ElZZ0MSEREIUD TH T TIER W, FlH

-‘ BIHEAZLETY [

EREHE-T || M || [l My | DESWEFTEL L 2(4.33) DD D TR

| I (S o

M, ZD0IIZHRS>TWBHIRDPLZHEFEN Ker M ThH b, ZDTHEHTS L.

(6.17)

DESHhoT, Tx) OWHFHEEICL-oTHEINDE (NI ZH Ker DEK) Zedbhd, 20
F0) DL BT ZRVgE T DFOE BEEDBFE CHE) 1 Ker 130 DAZEUHES {0} &
72 5019,

13 RATIND K BRAZLWVIRD LERWTHARWL, THL (0) ZEDELET) LW ERRDIES S, X hEKD
BHAEZ 47 LT Mullspace) ¥MERZ 2 dH 5, Mully X 072DT M0k B2/ W5 &K,

14 ALZr% ¢ 1(0) b BHETHASH DM, 0L Ker ¢ DIEET B HEIIE ¢ IKITEEBRDBFELEVDT, TOHEE
b x o LREBLBEHTH 5,

15 0 TNTOMBEETD Ker IZEEND, Lo T Ker BEERICHRD Z 2ITRW,
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ﬁﬁ§@m¢hr_mw\%ﬁtﬁﬁ6 HERTZ Vv Kerg BT 215, ZDERL v
b KerglZBT 2, £/, Ker fIZBZRWARZ bl u
 Ker fIZBT BT MLy ORGSR BHBT 5 L.

v
v e Kerf

flau+ pv) = aflu) (6.18)

ERB, DFD Ker f IWET 2 0HFLSIE. HERIC
FoT MEATLE D) 2l hd, BTORIDVEBRICIDRITH 55, ZAUIMTHITRIAL /2
EINERTHDDBES S,
CKer I X T BEAYL LT, (R (image) /155 5,
EZ 19: In ODER
BB f:VoWHTbhaZo W oo, BEROMROEEE [f OBf) Y, I f

LRBT 2,
Vv

Im dFIDTHTE R TIE R WD,

(432D BT D TIEAZIVEMES L7512 || M f My M oxsiezmeesc

EERNLTEDN, ZD0 G\_KO’CL\%HTL/W*O);:KII# ImM T»h 5,

= Mo ||, (6.19)
0

DESBEEOKEREZZZIUI. ) O In THEZeBbhb, [THOITOR L BEEIEL W

HE. Im i3V 20Tk 5,
mlmowﬁﬁmwwﬁvwﬁ\ f%b —H Im X O OBEBBOZER W OMIEETH 5,
[ |

o yj| — z/ ‘Zb\ﬁgf% (Wb Ty FHIANDHFE) ZEZ T, Ihx
||z

A A O_V A

Poe#ELe, Ker P X |0 | GIRMER) WO IEATHZ, ImP.E, 3bAA oy FHTH %,

z

fEiE 2 Hlz RTH

16 imageld M4 X =Y kA, iLE Im TRI,
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2RITLTH IRTTD (HEZVEB - LEWVWRITTD) HEEL WS BBRO Ker 3FEA T LRV,
Im Z2ZEMTH 5,
d

n REHEAXBED & n REEXEHAD THIT) W05 FRITBWTIE, Ker W ZERBIRLT

H%, Im (i—ll En— 1 ROZHEABENTL 2 (BITT 2 L KBS 2 DT, FERITIE n ROIED
),

6.4.3 E&f - 25 Ker » Im

WER 41 B - 257 Ker « Im
HBEVDIPOLEAEWADEBRfF:VsWIZBWT, [Inf=W TH3aL %, fIZEHTH 3,
Fio. (Ker f={0} ot &, fIIHEHTH 2,

L TEROBEPESLEREES 22 THY, B2 IZ MEHE2 1155528 TH
B, T ZIXEHR SRz 22 [ZHFTHLOLHETH S, —FH. BHER - R:z— 2?2 [ZHHT
HEHTHRV, BROFICADEIE RV LE2HTIER VL, ad —ad a® IKE->TLE > H 5 HE
THREL,

LOEROEFOFHAIIEF L VI FEOERLIFIFA L TH 5, HFOHFITOVWTHHALTE
25, HETRIFINE, Ov,=0vs ¥ RDBEIBRZ ML v, vo DIFET B0, ZDHE v — vy
DRerOWRCAZDE, KerO#£0 TH3, ¥ Ker O A {0} TRINUT (DF D, 0 TRVRY b L
ZEATOVIUD). Ov, =Ovy ¥7225 X5 RARY ML vy, vo DIFET 5,

RDZELDHFZR 5

$EE 42 Ker O 137 ILZERS
N7 MAZERV OO, KerOld, X7 M AZEROEREZ T,

— pl28

KerOIZBT 2R7 ML OFESZEAUE, REDZFE Ka O KBT 2221k, 06, =015
@@<Xpw>=oza5:t#5?¢bﬁéo&7Fw%ﬁf@5k®®%#u:®@z$mﬁ

CWTEDIFEED., 02 Ker O NIZH 2 Z ¥ I3 EHH,

NV 6-4) Ker OWCBTBRY FA v OFTE —vid. BT Ker ODHICH B Z L BTt tob - p21da~ WA - p221 ~

WL Ol R TW2debns e LT [Ker 28 {0} TdRWVE Zid Im 2/hE < FEL) &
5] ZehbHd, ThzeEMe L X5,
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fEE 43: Ker & Im ORIT

dim (Ker O + dim Im@®) =dimV (6.20)

DD IIDOZEFLLFD LS IZLTRE %,
dimV = N,dim(KerO) =n 5%, BARTTOZM V OHESR

Vi, oy Vi, Ving1, 0, Vi (621)
_

eKer O

N
DEITERZEDTE S, VADERONY FUE ) v, L EHEL ZEDTET, T4U O 2

=1

%‘, N
Cj ZOL[ i | = ZO[,‘@V,‘ (622)
1=1

=1

5, HEFOMEMIZLD

LRBD, i1 B0 ETIE Ov, =0 BDT, Im Ok

N

Z Ot;@V,‘ (623)

1=n+1

EEPNDZNRT PVITIES, THEN —n RTDRT bV TH S,
COZEE Ker & Im ZITHITRB LKL (6.17)2(6.19)2 RTH DA 5, dim(Ker M) 134751 D

— pl135 — pl36

1TED S rank M Z5[W7=877 L. dim(Im M) (& rank M TH 3,

6.5 R ZERIE FEZER

6.5.1 ERDZER

N7 PVEBOPT, TED/NZWARZ MVEM) 2152 28 TERe &, 2he HOZER

Ve Ve
(subspace)] EFER, 722X 3KTTDNRZ bV |V, | DIBHE3IWRTZ00ICLEDD |V, | ZT%
V., 0

REHL7ZdDIE, REDAXRZ PVERTH S, HIEITRZ PAZERV NO KerV OARDH LS
DHNY MVZEIZI 2 Z e R LT, R EDZEHOBITH %,

Bz MREM L) ZUTERY PVZERIZKEZ L3RSV, 22X TV, >0 0%z s
B eREHT) e TEo 77 PAVZEROETEEIR, X7 MLVEROSMF ER 14 2l 272

> pl28

W (T & ZASIMEIIH T 2 378 < 7% ),
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N IR 6-5) IR ofilE TERZEm) 2 B ?

(D3RTLDNRZ PADSBHEIRTZ LICLEbOR T ZIREL LD
(2)3 KTLDNZ bADILERIN 1 THZ DT EREHLEDD
(3)3XTLDNT MDD SB[V, =V BED Db DL T RKEH LS D

fRE — p221 ~

J

PUROFERPHAT SN TN S,

FER 44: D ZEBOILBEB IZEBDZEMH
HBNT FIVZERV OFITREED W, Wy & Z 0B 2 L &, ZOHEET Wi N W 13D
%BH%FE!‘?Z&E)O

Wi BT 27 bLOMEREEIE W KB L. We BT 2T MLOEREEIE Wy BT %,
THAUFHIEE ST Wi N WL ITET 2R PLOEREIE Wi NWL ITET 5. WS Z LIdiERT
272255 (BAJLE Wiz onT b [AkR)

FRRDIRIC, (FIEA WU W, 135018 D 220 3 —nciam b S 2 L IR L & 5. #il

Ve 0
cLTiEwy » {O-l DESBERT b, Wg?ﬁ[ -‘ DEIBRT PLVDHZETH D, Wi UWy DH

0 0
Va

W |V, | (3 V, B 0TIERWY) BA- TRV, LREL, WLUW, ADOXRZ b ORERS & 25
0

Y. BRI ZDOEDORZ bAMA-TL B,

6.5.2 EMLARIBDZERICK S0
DR &5, M2 e i 22 o) 3L 0HMEERL &5,

EF 20: N MILZERD
N7 PVERV BZODERDGZER Wi, We 2RO 8§ 5, ZDDRT FMLVZERO Wy + Wy
ik (W, oty Wy OIS ETIES N DT hLZER] TH S,

DUBKINICES . W, WL KEENDIZRT P Lk

My

WINDERDNZ bV 1Y o, (6.24)
i=1
Mo

WoNOERDRZ b 1Y B, (6.25)

i=1

DEIREE u,u, - uy, EREE v, vo, vy, EioTRLAZE X, MAOREERSGDET
(v} BV OREL B 2HE. (V=W + W, D51, BLERETRT,

139



EE 21: XY KLZERDEM
Wi+ Wy =V THhHD2 WiNWy={0} TH2LZ VIZW, & W, DEFH (direct sum) T
HbB] LBV (V=W W, 2T,

FOEMARERT, v, ¥ v, KEZDILRWVITEENENTHD, V=W, oW, tXHT 23,
EFfZoTWB E EiX, VADIEEDORY bk

(03] /81
M M fe% B2
Zaiu,ﬁ-Zﬁm = |lug|ug |- uy, v ve | vag . (6.26)
i=1 i=1 : :
Qpry 6;\12
THRETZ S, {u,v.} ZEEE LTHEZIX. VADOXRZ P,
Cay
| L SR l.lA\A/l Vi || Vs, a]ul (627)
[ h B1
_51\12_

aq

tab\%wﬁﬁu\Cgl®i5K§mmKﬁﬁfﬁﬁéhéo:@%%ﬁ%rﬁﬁﬁﬁjkwﬁo
1

_61;12_
PEDLSZRT MO ZEMDRELTRELZ &, HBTH M 2

(6.28)

DEIRHNIETRHATEZZ D2 (BBAAIIRLRVEELH D), 2Fh M EHITIT
Wy oRZ MADBINIH 2 Z 213 (W KB LTHREE) ] L WORNTHBH, 25ko7
e, W & Wo ld M OAFRZEER7DZEM (invariant subspace) TH 5| L& 9o HITAEE7ZEM T
Dokt &, N7 MVORERTEET S LT (SNETERT B FOMMERETS 2 i
FET 3). B 5 (6.28) DIHICE S HE 5, |

MY E My x My 4750, M@ & My x My {750 TH 5,

M, M,
17 ﬁ%ﬁﬁﬁ?é&fitbﬁ&mjtﬂ\r}:amp:E:ﬂv;t&éitm\é1®mﬂﬁommé(oibNﬁP
1=1 1=1
AB0TH2) BELINCEB D 250 LW0S 2, u. OWFESE v, OMEETRBETETLES> RS [ERD
BB Zrih D,
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£ e L. - uED oREIEELS L.

cosf)  sinf | 0| |z
—sinf cos6 | Of |y (6.29)
| o 0 1]z

WED, 2 EERET, e DL vy ROPREZ 3, X7 MU THlb, o-y L 2 T w3, oy FHEE 2
MAREEZEETH 2,

Z OITFI D THIR
det M = det MM det M) (6.30)

v, B4 OIFIOHIROBCHETE 3 ($5828),

— p85

6.5.3 FEZEME

2 DIED FD—D8 LT IR MVERV 27 MLVZER W THI 2 ) e RFEZNZBIEDD
2, COBHEDEKRTZILIE, 20 "W IEFTZRY by OFAEEHTZDTH 2, L 2id
WHazB80khe, VOHZHEveEvtald laZ0oEWEEHATHWIRIC) 208 TR
MR BT FERITS, EDWCaZAAT—ELTRELELv+kad, v EFUERT P A
7%, ZoZEM% [FZERE (quotient space)] &R,

MK ZE2 & & 22l BX0T) 6. B EMAT 2 e TEoAME Lo (2 ko) &,
o —fle EZ %,

O TRLARZ by THEZZ % T H2W0IELD TEIE Ta 21T 235 TIEFME) &
RBL, Tvev+kaZAEHEHICET S tRBT 2, AEHICETS) tid lTaoxh 7 —ffzE
B —HEIEEIZENTEL] LVWIOIEKRTH S, sl B LTEH v~rwDEIIZEL [v~wlid,
v=w+ka 8RDIEDPFET D EWVWIEKTH 5,

FER R 2 AL 7zR 2 POVZERIE, RITHTCDNRZ PV KD 32 02 74 %,

6.6 EETFDEL Ker

6.6.1 —DODEEFD Ker

ooyl LTiE

[Ll:y:()f;fo&i‘\ Mo =0F7E =011 AR 1o, j

NEZb, LL, HEF X LY OFA.
XY =0kl NX=0/FFY =0/ 25850312,

18 ZROAETEE, BECBWT TAFREBAEOID) XA L BAWAKDILOBEEET,
19 AN TIRIEL, BEET 0 THS I LICHEE,
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L BBV, EF. XLV ARBLARVES, XV =072 VX £0 b H D5 C L ICEEL
x5,
BT, BLDB X 2V AL LTH, REED IR,

tzz@\ﬁﬂxz

glzﬁwyzlg31@%3\:n5miﬁ¢5w&

1 00 0 0 0
XY= [o 0] {0 3] N [0 01 (6.31)
E7%oT, XY M0 TR THZOMI 01T %,

HET TR, HEFIHIZHFETHEIRZ P LTIE. X &V 2% d 263 MR
DEFDI D LD,

$ER 45: BEEFDRED Ker

HRE BT X 2V ARBT 5L &, (X1v =0 BlET~2 vz, [Xve =02
BBRZPAY Vvy =0 BBNZ bAORBATRT LB TE S, TRDSL, Y%
MR AT

V=axVy +ayvy (6.32)

LB 5120,

L@%ﬁf\éBKKm@jth@j@#@%ﬁﬁgN?bwL#&m(OiDVX®ﬁ%%é
Tl vy BERERV) HEIZ.

Kel‘(XY) = Ker(f() &) Ker(f/) (6.33)

@iﬁKKa@w>%ﬁﬂf%<:kﬁf%60

) \/X v=ayXv \\
(6.32) DX S CEAhNE vIE XVv=0/THaH, | rhoT., rH5bHERIR
LYV = OszVX/‘

—REIZ 0TIV,

7

3N

[N (B 6-6] (6.31) Tffio 721751 X, Y OBAE. Ker(XY) 2 RTEDONY P LVEBRETH 2, Zhd
KerX @ KerY TH 3 Z & ZHERE X,

& — p221 A

e N
LN [ 6-71 %5¢L@ﬁawzbf¢xszg ;}Y:[iz_f}@%é(:®%%%KmXY)M2mﬁN
NS )

7 MVERBEIRTHZ) T, Ker(XY) B Ker X @ Ker'Y TH 3 Z & AT &,

& — p221 A

20 X &V ARHULARVE FiE, ZHUS (X 2E 5 22 TRer (V) RASRZ b BREERMA 2 BEDDH 5,
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6.6.2 EEFONITED Ker

KICFECHETFORICOWTEZ S ZLIZT %, Ker(O?) O Ker O BEEN B 23T CIh
2B, TOZ#HIFZ L Ker OITABRZ by A3,

FREIC Ker (O™ ) 1I22WTEZ 2 2, Ker O™ 1 Ker O" ! XD IEW (RITBKEW) B, H B WIEFE
URTEPTHZ e nbrd, UEDL312EZ25 ., ~fROFFHET UTF., O rEL) @ Ker
WHELTUTD LS BEEBEDIIDZENT b5,

R 46: Ker(OF) 12 Ker (O ) I8N 3

Ker(OF) C Ker(O*+! (6.34)
[OF AR
dim (Ker(OF) ) < dim (Ker( OF+1 (6.35)
£oT
{0} =Ker O° C Ker &' C Ker O?... C Ker O™ C KerO™*! ... (6.36)

L LEZETH Ker DA DIRITZZ2EHD 2720, Ker DRITIENRZ P IALVZERB O RIT® 8
ZONBVLSTH S, Ker[OF) ORITEHRZ MAEBORTIC—H L2 2k, ELTWERY

FAZEEINT OF = 01282 2 2EBHKT 5, COXSWK ThETHL 0 XRZEETIE NSET
(nilpotent) | ZZ{EHEF L MIN D,

/0 MU RVDIZ, EFTZL0ICREIRZAT, ZAREETHZD? | LB ANDLDICHEEITTEL, 175
{0 1} 3B B ATTIITEE V. TS ¥

0 0
0 1]/0 1 0 0
{0 0} {0 0}:{0 0} (6.37)
TH2, B3FTBL 0] 2WVWITTHNZ 2 x 2 TIHERZWV (3 x 3 DKREIBPHE),

T2 WoltA Ker WIEW SR Ko6ZFZn B Ernsihnwz e, $hbb

R A47: Ker QLMD IRLEFNILILEE S

HBIEDEI kT Ker[OF) = Ker( OFHY ) 7= 3= 5,

Ker(O%) = Ker(O**t!) = Ker( OF+?) = Ker(O*+3) = ... (6.38)
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LRE s GEREKES), T74abb, X7 PLVEMV OEKE

vV Kor(@) WET 527 hL
v Kor(@Q) WIS %05, K(‘I(@) WRSIRWARZ p L
V(.g) % Kor((’jg) 123 %05, Kor((’j) ) K(\,r((’A)Q) WX w7 h b

vz K(‘I‘(@k> WIE S 205, Kor(@i> (i <k)ITBEIRDRZ b L

mciwﬂéﬂggmmzﬂm%ﬁéﬁmxabw (6.39)

®i5mﬁw—7ﬁﬁbfm<:tﬁfgéo%%®u.d\@%ﬁgﬁﬁféﬂmﬁE&ho

m%ZO0OXLEDOBEH L L T, ‘/Ker(@m*'k) C Kel'<(§m+k+1)\“¢i BEwobhbdroTW3BDT,

\ J

‘[\el<(§m+k> o) Ker<@m+k+l>\j‘%ﬁ—\-&cﬂ‘/}(er<@m+k> _ Ker(@m%ﬂ)\}t s

b%dﬁbwvﬁKw@W”“>KﬁiﬂTh%(TEbEJﬁmM“v=M)2?60Cﬂ%

O (Omv) = Omtkty = (6.40)

t%ﬁ?m&\@%ﬁﬂw(@ﬂ)mﬁﬁétmiczoz:aﬁ%kmgﬁ):Km@%Hﬂtﬁ

FELDT, O™v h I((:l'(@k> WZE3 %, Zﬂbi}:@mﬂﬂv = O:‘TZN‘D‘B\ v I((,‘l'(@m+k> EEh
TW3Z e ZRT,
M E»S, dim (I((‘l‘(@k>> kIS 21200 T,

W Ek=1250T, For 0IcEE 5,
(2) k=1 252205, YIHTHEMLRLRD, DIBEEL LRV,

DEBBML RS, kD n LBIEL LI,
6.7 NEDRIE

6.7.1 RBEORIE: EXRIT ML

COETIE TRZ ML) OB EHELZDT, RZ FALOEETH S (W IR L X 5172,
DIRONEZfi7-3#EE (N 2 FER,

21 ABOMBD I BAADZDEN, T2 TREIDERW,
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EF: 22: ERNY MLEBORBONIE
Nx-y=y-x

(2) x - (A1y1 + A2y2) = Aix -ly1 + Aox -y
B)x-x>0
Wx-x=0c%E3DE (x=0DL 2R3,

INBE, TNFETR-> TELARY MLONREICE L TIEIEEICHK D LD,

(1) &i@%@i?ﬁ‘dﬁﬁﬂ“@% %, (2) ENHEORIGRIEHEDO R /i THZ (b5 HIFKEEIRT X DALY
707 BB AR,

HOBEH L ONBEDFEHIR Vx - xERZ LD [/ LA (norm)) EMEEINZBETHZ GAEDN
ZPATIR TREITRS) 25, 3) 3/ VvAaDBERED NEEEM (positive definiteness) | &I
LHWETH 5,

ZLT, TZhEToNmE Li3ES T 2 (LORHEZiZTEIO5RbDE) EXL5ILHT
ERA

—BlERT &, 2 KILERT b {all ¢ Lﬂ DNFEE

a2 2
a- 52 A1a1by + Aoagbo (641)

TEFET D, AM=X=1IKF2L FEONBEDER] 1ITH2, A >0, >0k613 ZONHE
DERZ EONFEE T XT3,

N TV 6-8] [ A <0 FF A <0 Dk BRABEEHLIRV, YO/HEE LD LS ISRV ETRE,

% — p222 N

6.7.2 HNEORNIE: EENT ML

T2 23: EEANY MLEBORBONIE
ENY MVEONE FE22 D55, URFIBEEXNS,

Oxy=Fx°

CHIHES T, (2) KOWVWTHERDBET, HERY PLAEH DN

X+ (Ay1 + A2y2) =Mx - y1 + Aex - lyo (6.42)

22 *Hjﬁ?ﬁftﬂ’c {3 4 ﬁlﬁ?\]ﬁaﬂ 3 a- EZ —aogbg + a1b1 + asbs + aszcs IARESN Eﬁipi o f:r"]*ﬁfﬁ\ :@{L\\@ (3),(4)
%72 S 70,
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(A1y1 + A2y2) - x :)\%1 - X) + /\9()’2 - X) (6.43)

iz (FORB LEOROERIKTHB), 2F b, WHED MHi] 262AHT7—%FHT L&
Wk, FDRA T —DEBERIE RIS 2 HBABETH 512,

2 KILEHENRY b L [‘“1 r [bll DRI [aik a;} [b ] = aiby 4 abby LEFREIN TV
ag bg b2

ZTDEIITEZERY FALORRBIEFIEOANZEZICH L THNRTRV, 202 % kDl KRBT
2702, HINZ VR V), ZOZNI - bEREL 5B DE (v] 2BFWTH, WREE (x|y) b
ET%ZV5%%(DMw®jZ-7VF)%%@E@i<@5o

& 24: ERRNYV MILEBORBEORE (735 - 7v hKRED)
(1) (xly) = (v]%)”
(2) (x| A1y1 + A2y2) = Ax|y1) + Ao (x|y2)
EOZomo0fER | (Aixi 4+ Aaxe|y) = Af(x1|y) + A3(x2|y)
(3) (x[x) >0

(4) <x|x> =0 TR B DI, |x> =0DEEICRB,

* IR TIUIERY M EBTONBOERE 25,

N (B 6-9) HHEAZ FLONEE « B RVERICLTLES . AHO (3) Rl SRV L iR,

bY bk — p2lda N % — p222 A

6.7.3 1757DORNIE

TFHBRZ PV ERBZZENTEZDT, (THD TN 2EZZA2Z5bBbAATES, ¥V
AIRIER Y LTI,

A.-B= ZAY’JB"J (6.44)

(%]
D XS IRZ MILORFEREE (02 OBNTEO) i kv,
ZORIFHEIEZ, TS ]?}l/:—X {Ho T,

A-B=tr(A'B (6.45)

23 VIHEBEROARTIEI S TRBRRZEREME D 22 DZ20VDEH, [ x- (My1 +dey2) = Ajx-y1 + Asx -y (D XS, T#
2] POHTLEIC« MO KIRERLTVWEARD D B,

24 p>:[2}aa\<vk:@f vs] [eB3. kT [ (x|y) =2ty +a3ye 2 %3,
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2ELZLBTED, HEHDZETITHDGEE. UTDOEDICERT S,

A -B=) A;B;=tr(A'B (6.46)
6.7.4 BHOWIR

BB R PV ERBZZENTEZ LWL, BB THE) 22253283dd5
AATED, EBEBOGE, B flx) LB gz) ONESE

b
f-g= / fle)glx)de (6.47)

b
Tﬁ%?%itﬁf%éoZ@W%ﬁﬁ%ﬁbﬂﬁ%ﬁb\/»A@ﬁ%/mﬁdfdrﬁﬁﬁﬁf
5%, ’

HERBEB DL EIR.

b
f-g:/ ffo)gr)de

(6.48)
DESIHF (BOBENHORMOET) 1<« 20133 (ZRTEEEIRS),

!# B RS & = id. &fF(4). 2FD T VD0 CR2DE flz) =0 DHECKRS | IOV TEHERD

MBE, 20D, 0 TRVHEBEDIEADP 0 CRZZLIENHIOTH S, bor bHMAPIZEEITS .
1 =0

flz) = {

WIS EREDH 2 TR 0 THRWE DT flr) =0 TRV, BT 012755,
0 ZhHD
ZOBID & 5 RAERE S Z OB E RO TE 2 UL (4) DALR. BlcHF-ZEROGE R SMER W,

6.7.5 NIBFEIFTH S Schwarz DAREFEXEE

A7 b L O ETREA L Z2Schwarz OAFRE, LD & 5123 5 & EORBELT 2 HAEHT
%50

¥, Xt)=x—ty WVWIRTZ ML EEZ D, EEEEID. t DEARMETH > TD,
X(t)-X(t)>0TH3, ZOREIHIEEEZE > TEMT S &

X-Xx—2tx-y+t2y-y>0

(6.49)
ThHb, CORDEDZItD2RXKRNTHD, =0 WO RKBERZ OOEHEEFHF->TLES
RIFBZDDRERE
. oM

TD L3 IhoTADESMEA, FORIIED Tk, XoT,
el =0 HFHIRIZOLRTH D,

(2x - y)* —4(x-x)(y - y) <0

FIZ 0 TRVAE L TEBRLERED > TD LWV, TNTHHEMI 01K S,

25
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(x-y)* < (x-x)(y-y) (6.50)

Vax = x| E[yyy = Iyl RIET, x-y RIETH 3 AEE S 5TH B AHEED 53 O,

—xllyl <x-y < [x]lyl (6.51)

MWE X 5, Schwarz DARFERIZ, WAARGHETIERS 20, (RNEEINOIHTE S]] 222D
NWHAEZEDTWS, 28 2E TERONE] BT

b 2 b b
(/ f(;’x)gw:mda;) g/ (flz))? d:l:/ (gz))? dx (6.52)

DESBRDITES, BFH¥TIE NREBEK IR 2BEBERZ PLEEZ B L I LT,
Schwarz D RZERHIRHEE MR DN W 5 5120,

I\ (R 6-10) MR bLOBERNHL (x|y) 2HEBEBTH 5720, Schwarzu OFHR L, THBO K L
@%m%hrmﬁm—mw\?k@@pmﬂjamaftta INsE LY FARCLTHET, 7y FESEME- T,

(|x) = |x >—f|y>‘<‘:\njf\7 MO, HAHS L ONREEZ 5. V\ﬁé%ﬁxma%;t\ <x| (x| - t*{y|[e®5 @
A, Eob o paiin WA g2z

6.8 EXEE

6.8.1 Gram-Schmidt DIFREZRLE

NﬁﬁNﬁFw%ﬁKﬂﬁtN$®N7bMN.:hLWWWvJWEO#otZLi5O:
NOEEEY LTHS Z LD TE S, ChoEESHKREINEREICETHIEL LT, MFIORT
[Gram-Schmidt DIFHREIRE] 23D 5,

BB S NeR 2 FLOME o = {er, 00, 0.} L LT,

€;-€e; = (52']' (653)
. . ) 1 h \
{ Z 512 z\ — N ;”?T.ilji‘.( o = ‘\
Zii/e T LI LV, T —D2DDORT Ml v, D/ IVLARHET S fl ¢Wfﬂyi%ﬁh@
1 2
eyel:< v1~vl> vi-vy=1 (6.54)

¥ %, RiZler-ey = 0:\0:7‘; 5 L9 e BIEDTZN, 2.4.2 HTEZHIETERTEZRT bz E
222 TES ((241)%5MR), BARMICIX

— p27

(S31 ~(V27(e1 ~V2)el):el~v27el~v2 =0 (655)

26 BIEERZ PLEARLZE ZONBIEIAE (4) 22 IRV DD % & pld7 TBN=25, FEW Schwarz D ARFERDFE
FICIZNEL (4) 2> TRV TEDMIZMBIZZ 5720,
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Zﬁ%i?‘fo\ /\\\7 ]\}va 7(91 ~v2)e1 iﬁel ZIEQT%’\\? }‘/VT%ZD (Vl,Vg bi@ﬁ?&@’(\ Z DX
Z PUE0ZIERSHZN), ZONRZ MLOEXDHEZ 1 TE#RL

(va—(e1-va)er) - (vo—(e1-va)er) = |[vaf* — (1 - v2)® (6.56)
—
1
€2 = (va = (e1-va)er) (6.57)

va| = (€1 v2)®
Zjﬁbi\ €] - €9 :0,62 s €9 = 1 27250
;j(Li V3 Kﬂb“ﬂﬁl%@ Z t %’%h&iib\o V3 — (el . Vg) e — (eg . V3) €9 Z L\‘5’\\7 ]‘}l/%*%owc
QAU ZTORZ Pl e tdh e EHEKXT S, (6.56) LRIBKICGGET 2L ORI PLORED
BRI |vs|® — (e1-v3)® — (e - v3)® D,
1
€3 =
VIvs = o1 va)” = (ez - va)’

(vy —(e1-v3)er — (ex-v3)eq) (6.58)

3T kv,
INTARE—VZEDe A>T R z2EL L.

1 k—1
o vi =) (e vi)e; (6.59)
\/|V/~<‘|2 - 25;11 (e; 'Vj)2 ( j=1 )

Y%, ep BETE T 372013 e 225 ey TTHETEFATR L TIEFWITRWL,
I TITo REtETEZLE T 2 3 IZ L W&k, TIEH) 2H - T [Gram-Schmit DER
i) LR,

6.8.2 ZIRNDEIMREI

BT PATRIBVWHEZFRBLTE 20 LT, ZHAZEZ L5, EREZ -1<r<1kl
T, ZHADOWHEZ

1
f-g= /_1 do flz)gx (6.60)

CEFELE S, NRZHNXD (N+1KITD) NZ7 MVEBORIEE v =1,v) = 1,vo = 22, -+ vy =
N YEE (r DREZOHFrEDbES D, BEER vy hoED ),

1
Vo Vo = / dae =2 (6.61)
1

27 e ¥ vy HYPATIR SR (6.56) DAL 01T o TLE DA, ZAUIRING (ve| HHILIERZ FLOMIE L L= Z L ICFE
5
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BUN eg = — TXU, iz (e() -er :0) IZ U720 as, v IEZTTIZ e YERLTWS,

\/7
! 1
ey V) = de—=2=0 6.62
0r V1 [1 v (6.62)
XoT, Hridle e =113 XTIV,
1 371

v — 2o | 22

ViV —‘/_1 dez” = |:3:|_1 3 (663)

DT, |e = \/gz Td s,

y(&: (SD) %'ﬂféo Vo 021 (3] XCiIE:ij_éiﬁ

1 3 1
L[] V2
Vo - €p = /_1 da \/51 = [3\/5}_ =3 (6.64)
Ziﬁ’)fe() Zailﬁibiﬁb\o %;.VC (VQ e(])e()%9|<u_2“C €p t j_ J:OG\_?‘Z) 3_7:(%)‘6
2 1 1
Vo — (V2 . 80)80 = ;1,’2 — % X ﬁ = '1,2 — g (665)
EWVWIHORT MVEES, ZOXRZ LD TRXOEE] 1
! 1\? ! 2 1
a2 1) R e
[1 da <(1, 3) [1 da <(1 3.1 + 9>
S 21t 2 4 20 08 2 2\
{59%]_159*945 3V (6.66)
\ . 35/, 1 1 /5, ,
Ztiéo)f\ I#E*g'ftéhfcj\y ]\ﬂ/bi €y = 5 5 xr — g = 5 5 (3.77 — 1) }:Zﬁ 60
FIERDIERE 2Rl Tl &
1
ey = 5 (667)
3
e; = 5;1: (6.68)
5 1
e :\/; X 5(31 -1) (6.69)
7 1
e; :\/; X 5(51 — 31) (6.70)
9 1 ,
e1=4/3 5(351 — 302"+ 3) (6.71)

@iﬁK%K%ﬁbf*@th%oC@%@ﬁ@ﬂ@\%@®vﬁ%ﬁbt% 7% Legendre ®%
H 2EN, PFEOWAAKY ZATHELAZZHENICHR > TV 5,

150



FRRIC TEREERZ by b LTHAZEBof e LT, AN H 2. L 21,

\/zsin mb &\ 5 BRI,
/ do <\/§Sin m9> <\/§sin nG) = Omn (6.72)
0 i s

273, ZOBREME S DD Fourier B TH 5,

6.9 MELEH

6.9.1 MRLUEHROEK

HER O DOED S, TARF] 2 THELL 2 WS BEREEZHE- TREESET 2222 k17> T
EAN

O OB TAF) ThH2 ik, FBE L iR Kink ¥ oRE (THEL oBaik i
TERHENAIND B128) 21T L 2N BB RE SoDERZ I ENTEL L VWS EKRE 72, DFD
(H2EOHFERITo0R—DBDICRZDD ] & THWITHEL SR,

fT9l—H 2 VEERDEBT 3 & 2 AOEEHICOWT BRI THEL 2ER/L X5, 20
72D, D XD RIBERF TR IRD R TUTWIT RN,

!ﬁ INETH, IO e LT TR EREICT 284 TEALY) FIEALR) ZE2iToTEk, £
Nz MRZEZR WD HIRZEZ250) HiE-STWk, TITERASHLEII NS X DD UHRIA EDOW,

TN 2 THEL EUTD XS ITED %,

EE 25: 1T7DOMRLER
H % IEAIZRATHI P %2> T

P lAP=B (6.73)

LEIFLE, TA L BIIMEMZ) e RBHT 5,
Z D7 THELIZH: (similarity transformation)] ¥ PRI,

EhS P P RHENTITOWAERICOWTHHLTBZ 5, 1741

B gy R
A A

—
ﬁ:{ A ]ﬁ (6.74)

28 T O®BHHT 21750 THEEL WIFIEREINEA o TRWD T, [FHIOELUCIET 2 DIRREO AR D HEN— 5 2
50 LR,

29 N7 MAMITLLDORIEHER (KH) po—fbahizX 31, THEL 2w SERRELSMNC S —BbT 2D TH 5,
TEDML L IZLIES DD IH, [FZFTIRTTEZZDE] 2E-THLWL,
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DESICLT T VW EHZRERTA2DIES530TH 3, 2D ¢ = A¢ oWdic P~ %
HNIT, A OB I=P 'P ZEATAZ T,

I

/_/\
P 'Y =P 'APP 'v (6.75)
DESWEZHET, 2575k,
Lt Z LS
P 'Y =P 'APP ¥ (6.76)

L%, TG,

R 48: BT BB
T T B WO REEED (78] A TRBEINZ 125,
P i P W WO RIEEHD 175 P 1AP TREXN 3,

s (0Fbh, MEAHEEERTTHIE M — P 'MP L HEUEHEINZ) OTH 2,

6.9.2 HELEBLTY>TWEI L

P XIERIRITHICTH 205, P= | ¢ |§2 . oV || [ D& DI TAIRY b reliN/zd D) E R

Lzt &, THHDHRT FIVIKEREMNITH 25, N KITERICBIT 2 N RO 2T Lz
DT 0 %%EZLT%@?501®Z%®§§%Eﬁ PRHELT. 2hAZ{TRZ MLIZL TR
e, WP gk B,

adl@ N = g =1 (6.77)

Y7BDT, WHMEREDMZTXEWE 6,77 =0, 2EZE. P~ IZHEIICHITINCIE > TV,
ZHUT A 2WSITHIERENT B Z vk,

P
A

AP = || A7 AT - ADY (6.78)
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DL, ZNENDEENRY FUATHI A ZHNI TV 2 Z 21225, 179 A BEHERITIITH o 7
LEIZ, BERT MvE TA 2072 SICHBRRERICELIRZ Pr) EEXZ T, LTS
AP ZfBZATINCTE 5, 205 OB Z > TITH 2L T 2 BIKTH 5,

—MKLT\A—[{l;ﬂa;ﬁ]mﬁwézﬁmaéth?¢bﬁéo
> 1 1 N:! <30
ZZTP= L YEAT
1 1)1 =11 1 0 0
2[1 —-1] [-—1 1 ] [1 -11 - [0 2] (6.79)
H_/H_/R/_/
p-1 A P

32T KDHEBIATINICEZ D e TE 2, DD, H2RRTHZ b EHICHZE
e (750 HRIOIIK TR L HHERIMETDH 2 2 P AP 205 BRIEIHTITS 2L A TE 5,
ITI2ZLI3RDFETR S AL o—fITH s,

6.10 MHLUEHRDOIEE L ZDAREE

6.10.1 FELUZHBEOME

HEUCEE T 2 WL 20O EZRLTE I 5,

FER 49: BAI175 DAL
HBAATHID R 7 5 —fEDITH ol i3, BTHS L DAMHELTH 5,

ZHXEFEHAT, P HaD)P =al EWHIRERUIDO» 27255,

BABHOLEREEFTS L&, (COZERE LTHED SRV ? )2 EIH - TH L LERR S
BBV, UFTErd LS,

&R 50: ABLEROFER

RO ATHNE, B rank . FTHIR det, PL—R tr (EE26 2R L) BELL,

— plb4

rank (P~1AP) =rank A (6.80)
det(P~AP) =det A (6.81)
tr(P"1AP) =tr A (6.82)

FEEOIATHN ZFINR T b L (FTRZ FPATH W) 2AIRZDDEEZ - EOMNRRT FALOA
BEps, ERIZRATHIZHNT T 750345 o TV A BRI EDOARZ VWD TEL LR W,

30 b5 —DDHEKR m LERT D Lﬂ WLTHBW
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FBOITANXDPTHNKOETH 25 Z & det AB = det Adet B (&, #{THDITHNKIIITHX DR T D

2zr det Pl = ﬁ B R ISEHUCIEITE 3, SRS ST I,

&R 51: AL IERIME

ERNZ2ATH & AHRUATHNGIERIT S %,

bbns (ERIORMITII £ 0 2025, (THIXNED S2WIRHIEAINE 5 b ED 5720,

&R 52: MLl 1TFAER

FFAERRR apnA™ + a1 A"+ A2 i A+ ool = 03D Lo &, Tz R

ZHL7B=P AP IZNLT®

anB® +a, 1B+ 0B+ B4+ oI =0 (6.83)
DI D LD,
ZedI<hhd, EREOERE kITHL, e
(P~'AP)" =(P'AP) (P 'AP) .. (P 'AP)
=P 'APP 'APP !...APP 'AP =P 'AkP (6.84)
~—— ~—~~
I I I
(J: D\
Oéan + O[n_an71 + e O¢2B2 —+ Ole —|— O[()I
=P ! (ap A" + an 1AM AT g A+ apl) P (6.85)
LRBEPETH 5,
6.10.2 F~L—X
FUEHNC X o TR IR 2R LT, {751 oftic
EFE26: FL—ZADERE
N
trA = A11 + AQQ + -4+ ANN = ZA,; (686)

i=1

EWVOEDD D,
All A12 A13
3x3 ﬁﬁ”@i&%é}fﬁi\ tr A21 A22 A23 = All + A22 + A33 VG%%O
{Am Asz A33J

NP EBROARERTH A 2 mdIiid. £7
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BE53: ~L— 2DOKENFRE

tr(AB) = tr(BA

(6.87)

AT 5. EFTHIOBERITHEOCT (AB),, =Y AyBj tWIR (BXUZho, A B%

J

WOEZR) Z21ED, i & k2L LTREL LT 2HEZ T

N N N N

i=1j=1 i=1j=1
D DD Z LIZALTH B, KEFRME: % 213,
tr(P7YAP) = tr (PP 'A) = tr A

5%, PL—RIHTIEMEL LD TEL L,

(6.88)

(6.89)

ERb54: THDO L —XICET B EE

(1) tr(A+B)=trA+trB
(2) tr(AT) =tr A

(3) tr(@A) = atr A

(4) tr(AB) = tr(BA

(5) tr ATB =5 ZAY'.J'BIV]'

ij

L%, wED (5) IXEFRBYICEHIE T2 LT 20, ZoRXOEID THIONE6.44)1 172>

TW3 Z 2IZHFERE,

— pl46

=) LRSI T E 2 e 2R 5 THABZDNE N, LI DT, W OhDFH| P 2o TET, Zhsy

D& S BMHBERET I 2 R THA LS, MDD, 2 x 2175 TEZ 5,

I\ IR 6-11)  UROATHNC & 2 HBZESIZ Y D & 5 7% d D,

N

& — p222 N

5 P — cosf) —sin0

1 I & BRI, AR D [EIERIC ST B,

sinf  cosf

MR OH R ZMERBIZ. XDOFETITS Tl TH 2,
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6.11 EXRFZEME

* (8% 78 6-1]

TN 0 0 o]
0 1 0 0
nROZERERY M2 EZ 11— |0 0 |0 225 |1 ...0n 5 [0 oksicke
o 0 0 1
BERZ MRS E 8T 2, DD
ag
ay
apg+arr+agr? - Fa"=a"=|1 x 22 ... z"||02 (6.90)
ap

DX EEEOTT, | %%Eﬁ%ﬁﬁ?é&7Fwtﬁéo:@t%\wﬁﬁﬁ?i%ma

an
D &S BATHITRILE N2 D
¥/ 2OTHE |1 o 2 - Ll:"} WEPOEHTZEES72507? LYh o p229 A B - p233 A
* [[EE R 6-2]
Eepedl

2
\/7$inm1: m=12---,N (6.91)
T

&N RITDORT VR ZRT, ZOZEBIES 522 ML (IR &

ai

[2 2 2 / az

ay sin;r:—|—a2\/>sin2:1?—|—~--—|—aN\/>sinN:17: { QSin.’r\/gsinZz%-\/QSinN.’I?} .
7T T T s T ™ .

ay
(6.92)
2 )
@iﬁﬁﬁﬁf%éo@ﬁﬂuh%r(agﬁ!u:®dﬁhw%%W@ﬁﬁ%#?—%5?%6&
BT T 2 1THI T RBIE X, ” b b W oy
* (B 6-3)
LUFOATANC & 2 ARMZEN R KD ko )
o Bl |1 ool o] (
(WPfa J(@PLIJ’(aPI 1] W pass

J/
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FETE BERE- -BEAXNY MLEXATL

7.1 BB I

DUR TR, MIBEBETORZ P DWW 52 R ORI LD WS ZEMDFEIC V TH 2585
B HEZBEHR () FFELANZ MLVEBOBOEE (V V) THEILAE2EZ L5, &o
TZOETESLT 217X TN TIEATTAITH %,

EFTINC X 2 EBDOBEFER TS 2,
% L ORIEELUTH LT TREZXIZZED S H
MENEDLSRVORY L BH 5 EITK
d<oE®Em\ﬁﬂ[?;1K;5E@K

2R OBENERENTRBLZDDED, Z
Nzl TW5 L RRAITR L ZDDIFHIC
DWTIFERHUT & 2 HOBEIN RIS
BENAAZ ) IChoTWVWS (R LA X
DD BN T L hibd s,

%/—77U®Uy7\\
D2

E]H'

7.1.1 BEERIZMNILOESE

—Iz, HAWEETF O THTERIATOLT VWL, MOEHEFRETSH X)) % 0 TRV,
HBNT MLy (ZDOXRZ MU, %%6&(ﬂlmf@Ntijﬁ\—%%E5%6®FN7FWJ
f%é)kﬂﬁtt%km@«&%w®xﬁ7 Fkﬁé@dﬁ%t«?bw@% W2, Z Ok
iz R 7 M ETHTZDT X S,

EE27: BBERT L
PIEHET O BT MLTRBEVRY Ml v, E 25 —8 )\ ORI

@V)\ = )\V,\ (71)

BBEBDBED IO Z, vy & [O DEBANY kL (eigenvector)*] LI, ZH5— A D
Zr% [EE1E (eigenvalue)] ¥FERS,

1 B, £ BHERIRTACEROSETH 2, MBI BERTOEY BFIHbhs Z e 2w, EfEEHROFT
b, FILART MAZERNOFTOBBIHEONE Z e B2 WK S5 TH S, HIERHENZITIZRWN,

2 ZoOREHTIIZ TEHE2RZ LT DE—FRIZT 3,

3 RN THRAECHD2 S A E | IChR-oTWAHEHDH 5,
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NEOD (vy KT 2) BEBETHZ o, Tvy, ZEEEND O OFEERZ MLTH 2 DX
SWCERHT B, DIk

[HﬁN7FAWA®%K%%ﬁ%@%¥©m\zﬁ?—xﬁ%%@ifimo )

CYEBERT S, HETHRALT—IZ LT3 6, FEEZARDEEICLTINS,
yyfwﬁ%%®<o#%b1£:50ﬁﬂlg2}@;5@%$tﬁﬂﬁa\EﬁN7bwm[ﬂ

3{0
1

ﬁm[?é]uriﬁﬁﬁ%xmﬁzalm

THO, EAHEEZEAZNR 0 D TH S,

€2

%[f ﬁﬂjﬁ#6\EﬁN7F”ﬁ[ﬂ(lh§
1

ATHRAL) & EJ(lnﬁiétﬁﬁ%)fﬁéoEﬁ@@%h%hlt12&50
W BT AT LT A - B 7 b VEERTE B b o b SRR IR T

gimﬂﬁéﬂﬁ&7bwf%%%ﬁ%§dﬁf%é(Hﬁ@ukm ﬁ%&“:K&“tmﬁﬁ%
Rarbhrs,

EHEA 0 DEERZ bb (Ovy =0 Zili7=TR2 ML) BIFEET 2 Z 213 Ker O 23 {0} TIEZ7%W
(DFD OWHERRN) T E2EKT 5,

DITRTIE vy DEEHN ROORZ v (CY) THH, ONNx NIFFI M TH25E52EZ &

S, 175 EHNT 5 & =X, HEG~Z
NS
M| T = AT (7.2)

DX IATHN NS, FHIZH BHIRT P AITHNT 2855

FEAHRZ bV
—

()" M [=A @07 (7.3)

D XTI H BTRT MNATH RGP ST 2 5EREZS5NEDT, ZOZODEAENY bL
Z TEEERZ bv) & TERBRZ bv) EMATRANT 2 O\ O#Ic2O072 ( £7213) 1% TFWT
WA DOF AR ATHIZENT T EWHMEZERT), BTRTH, IO OEAFHEOMIEFR LTk
B0, FAEARZ ML EEERZ S UG —BIZIE B LW, [THIDEM TR 51X H 5 — 5%

4 eigen iZ P4 VEED TEH), BENLHEETRA VEMEDN S, eigen vector L M TRELTZHAD D2, O BWMHH
HTFTH 25581 TEEEH (eigenfunction)] LIERZ 2HZW,

5 AEFETIE. EERY MBEEEZRFICOTTERTSILICT 5,

6 EEAENZ FVEHEERZ PABRICIRZHZRD ZEHBZVDT, ZOZLEBREELRIT V.
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O)%\\L\VC—%&L\ 17)\< :CY)\ﬁ))\ (Ol)\ Ci{f%@Xﬁ?—) A, i, f?ﬁ”?ﬁl}l/i»— }\»f‘j‘ﬁufifo‘
(Tr)* = aabyy (£ 7B (x SRRET),

7.1.2 EEANY MLOMEERBR

R 55: EEEOEFNZILESEERY MLOBIFFRIRIITH S
Eﬁ@@%h%hﬁ&%ﬁﬁ&?Fw@ﬁﬁﬁ%ﬂjfééo
WZIZ, N RITRZ MVEBOEBRZ PVEERKTS N ATH 5,

DREAHTE 2, LUNOMEMEZ P> TAL S,

- )

N (W 711 Lo R 55 0Ri, Tabb. BAESZAZN N THEEEAZ FAOH vi(i= 1,2, ,K)
(A WEWICERRZEZFED) X, WHhRE2EM o 2foTd (2THOTHIHEEIRE)

K
Za,v; =0 (74)
1=1

DD DT 2 nWT 2R, LY b o p2l4 A A — p223 A

ZDZ B, N x NITHNIHT 2EEEIZRARATD NELI»BRWI e3bars (N XITZERTi
MBI 2R 7 FVEIRAKTD N KE» D), 7L, HEEOEE N Kb PRnwZ 3B 2
(BTEDEIRIGETESIRIZDEEZELD),

EEMEE NEICE L T TOEEA STV S,

ER 56: EBMEDESEBBARY MLEABEERY MLIFERT S
M A DL E, [Ty, T, =0TH3,

CREAIET 312k, EEBRZ L AEBEXRZ S ALOBIATHI M 2 AER (FTOZ2DKD
) . UTD X522 BEOAFETEET 5,

(6)\1()—r M6>A2 - (/\117)\1<)T 6>A2 :>‘16>\1<'17>>\2 (75)
S
Zob%k
L
(1—}»)\1<)T MUMz = (77)\1<)T )‘253)\2 :)‘2’[)}\1('@'))\2 (76)
——
Zob%
JeicEtE

oo ELL5IK ZickD,

0= (A —X2)Ux, (- Uyxy (7.7)

7 ZZTEAMEE « EAETH S, 7.1.3HESH,

> pl60
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BEBH. (A £\ BOT 0, Ty, =0 2b2 3

[\ (R 7-2] CoEHofEH e LT,

m,n HBEEHET, m #£n 7R %&f/ df sinmfsinnb =0 (7.8)
0

us 2
%/ d@mm(%) sinnf % 258D OFETIET 5 2 L B O RT LN TE B, RoThE,
0

EY b — p214 A f#E — p223 A

7.1.3 W¥MTHE TILI — MTAIDIZE

TFHNDHFATHI M = M 726, EFEEXRZ P HEBEERZ FUIZE VLY, EETEZL
I2&koT

My = A7, 2B (g0 M = A (@) (7.9)
TR BMETH 5,
ﬁﬂ#1w~—bﬁﬂ®%nm
Mi,, = A7, VI g oM = a5, (7.10)
DEZ%, DFDEBBNZ MVEEBEBERZ bAD 1+ TH3, 2 CHREMEIEERZICE D72
ES A 20D LARWVA, FEIT I — MIFIOBA, (6,) Ma,, %
(v, )Mv>,\ (Uw\) VLT, \
L —~—
A (5)2) At A
A" (@) 0 =X (52)" 5 (7.11)
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[4}L@ﬁ@%@ﬁ%éﬁﬂ{%@i]M1W®ﬁTNTOTE%O:@ﬁ%t2@®@ﬁﬂ®%ﬁ%@%ﬁﬁ@%ﬁ

& M15D L 2F1DHRT 012 o 747501 1273,

e[l

ZORCMIFET 2 FTEE3FIDBIHR 5,
HFREMIZE Z T . FoRXOFHEI KD 23 L 2 TOITHIHA %,

Z 5 LT, Cayley-Hamilton ®EHINALTERWEETHAAE N2,

&R 60: FEDTHD=MA1TIIL
EROITH M E#E Y 72 1ERITH P 2o T E=ATHOMICHUERT 2 e R TE S,
C DOFERD E=MAITH O AMRTICE, FESTEROMS 2 O EEE DRI S &Y

T %

bR RE iz,
R IR OMBAEE L TV AIBEICED LI RI BRI Z2DPICOVWTEZ S D, ROHT
[—fALEBRZ b v 8 ZFZRUT X BRI PAVEBOSREEZ XS,

7.5 —RICLEEXRT LI

7.5.1 —RIELEBART MLICEK B EMD R

BHEEN 1707t ZIZ(T.58)D X S IREMDENTE X512, EEEN 1 TRVDOLD 255

— pl69

BLUPD &S ITEMDENITE 5,

faR 61: —MRILEBANY MILICK 2 EMD
e VIEE Wl

om(x) = (2= A1) (@ — A2)™2 - (= Ag)™ (7.71)
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LR BGE. N7 PV
Ker((M — A I)™) @ Ker(M — AI)™2) @ - - - @ Ker((M — A\ I)™* (7.72)

D &S WCEMDHEEN D,

DRI,

(1) Ker((M — X\)™) & Ker(M — ;)™ ) OF@EEHZ1E 0 LR,
(2)FRTD Ker((M — \)™ ) OFNIEZE/M V TH 2,

DZOERIAIRSZ, DT, Ker((M —X\)™ ) IZ2WVWTEZTWI 5,
Ker((M =M™ XT3 b2 % T—fRIEEB RS bl (generalized eigenvector)| ¥
o
E 30: —fRILEBANY b
(M — XN)"Tymy =0 |27 TRZ bV tmy 2. T M O, EGEHE N ZRO—BLGES
N7 hLy S,
R | (M = )50, = 0725 (M = M) 500 #0282 G0y—2F D TM—A% h[H
HIF2LDTOIRREZNT ML DEFELE X, Tymy 2 @& h O—fRILEEH RS b
V) MR, U IEEA N2 R L FERICERT B,

m=10r EPFEEDEFRT M TH S, BEDOEERT FADEAEEZ —OF>Z L I3F DG
BRNZ EIERRTR L (p169 ORITE 116 # R X))o W 2 IR A BERICEMBEN R VWG EITR T b L2E
BHE(7.58)D & 5 REMDIRT 25 Z AT E T,
LG A2 A OBET, —oDARZ M AR DL EOEHEO—HLEH <2 b S
YIRS AW (EL0ERLS) T ERES,

ZHENCHET22—27Y vy FOHRRE»SEMNZEHEYE LT,

ER 62: HBRMZIFLAVWSIERICET 3 TE
TARTUHB R R 2R 72 R WZHEKOM { f1(0), folx), - fulo) P L, #YIRZIHEK DM
{Ai(2), Ag(x),- -, Ax(x)} ZF o TR

k
ZA,- z)ffx) =1 (7.73)
i=1

X% & 511X T&ED,

22 MBEET O Ker &iuré“”’ﬂf'ﬂtt,cr:)@f Ker((M — X)) —=20DONZ PLEREZR T, AIRITTORT PIVERIZE -

TWV3 D5 iit:bb)fotm\
23 WMELTH2LEF, DO 2HF% (h) KL THRZ RLEEERZ PLEXAIT2Z 22T 5,
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BB (b LIERED D76, &5%>THHLICZ OIEREDHES). AHENHROA2 fi%
RX, #5862 %ffioT, HEZERICHL

N M)
}:&w(w_&w”_1 (7.74)

WS EFIES, (sz T80 8o TWADTEIEATIERVWDTIE? —2OEICKk
25 LABVAL (TEONTRLI L SIS, du 1 (v = \)™ 2EATVT

- P

oM B [ (= — k)" B o i

(r =)™ (=A™ Ig (7= ) (7.75)
eigh, o7z 203 XX THI20%%07) dOTHDY, ZHATH S, ©XIC (7.74) Tl
e XORFR AJr) EROITZZ e TE S,
FoRid o ZTHI M ICEZTHMH IO, o+ % MICEEHX

MM

2}4M M B =1 (7.76)

b, BBEAARDILD (ZELORDDEHIC (M - \)™ 23H 3 Z b, LrFABICHE IR
o ERRIZZOHEOFTHRBIIET IRV,

KmGM—XWiKE?%N7FW%QMXK%<ZZKLTm\Z®N7FWKL®ﬁW%ﬁU

15, jEBHOH (A MM%“A))LMH;I%(M M) R BTOTHATLE W,

omM)

A 3 B = B,

(7.77)
ém(M
% % (M) —2
L%, Thbb <AJM L )bi
Tymiy, WHHB L TEBNT 2O LAL (15 LW
zhbhicirs e 0 2B 20 ML (H3)
L (T, ) TSR LT B KR,

Bl T1 = A M % LEOT, TAE TKer(M = \1)™ ) ~OSGHET ) LIFHES,
W

IHT, M-ND™ =08 M-\D)™ =0 G#j) OWMAERMZT 0 THRORY FVIETF
fbmm Ebnd, MR TRZ PR, BEEET L Ornz#Hd T 012745205,

LWHITHNIC o TWB (EEBEXRY b

zﬁLzlﬁ#%\%ﬂﬁ[T%ﬁﬁétﬁjf\%A&N?F»dﬁﬁﬁf%éo

i=1

24 THTH2 2 DRARSWDIT>Th, [THTEED LR NDTIE? ) EDOETBZADWBEES SR LR, THTEVL
FEFHIRE RS 222 BERE TTHORAIR L RN L) RDED, SOBEEEST 2175E M & 123770 T,
A DIERTME DS 72 5 2 2 13 R VWD TH B,

25 ZONRZ MLVOMINLEAEH 1 2IER S RWT 2ITEE,
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7.5.2 BM9BINENYT ~LZER

MEM-MNERBEFTZ2DT, Ke(M—-MD)™) BT A7 PLEMEZ#HITD
Ker(M—-MD)™) WIRE 2 (2% D Ker(M—-MD)™) &, M OFEFDZEMT H %),

— pl4d0

17)’"1>\1
B Uyma x,
Ker(M =X D™ ) & Ker(M—=XD)™) ICEZDBRVWI EHRINLDT, ) ) bl
ﬁ)mkkk
JEZH S Z 22k D, M
Mg 0 -~ 0 Tymix,
0 My - 0 | |max,
- y (7.78)
0 0 M(k> 17>T”k>\k
DEIRXMMBTRy Z{LEND I DD,
ZDXSATAIGNA T vy 22T bt &,
det M = det M (1) x det Mgy x --- x det My (7.79)
E75%, TS AN Z5WTBRL I ENFZLDT,
det (M — MI) = det (M) — AI) x det (M) — AI) x - -+ x det (M) — M) (7.80)

YA B FETE (A — D)™ (A — )2 (A — )™ ((7.66) B ROT, FALOKKTE

> pl72

det (M(l) — )\I) x det (M(z) — )\I) X -+ X det (M(k> — )\I) (781)

(a—ym (a2 (A=)
DEIREIDIRS Lk, Zhud, Mg 2m; xm; T THZ e 2BKLTWS (0D, &
%ZT[NZ) K(XI‘((M — )\j)mj) =8 m; ;j(ﬁ:@&7 ]\}I/%ﬁ;ﬁf}éé)o

7.6 —MRILEBEXRT MILDZER

=) R Ker(M = A\)™) 205 m REDZEMOBEEZ 2, o TTHI M b m x m 75 LTEZTWHL
(BbrBdEDN x NITH M DEMGHETHELNTZDDEEZTSH LW,
ZONRY MVEROREEEZ YD LS IS 1EEZ TV I,

761 T3l

FFMERSEAL LT m=22%2L5, (M-A)’7= 6#\%:?%%:?&7 ke LT,

26 ZZIKBND 1IRZERTHRITHNED T L IR,
27 (M) — ML) EEEEZ M LeRRRWIET. &o TITHIENE M — ) DA ORI Z R TRwv,
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(1) (M=) & =0 &ifilifz37 L (DF HEBEOEH RS FL)
7«

(2) (M= AD)T#0 7 (M=)’ 7=012/23x2 bl
BEZBND,

<$ M%QOOB itmﬁﬁﬂ%%iéoC@ﬁﬂ@ﬁﬁﬁﬂﬁ@@fAf:OT%é#BHﬁ@HQT\
M — AT = [g é] LB

o éf:o rwe. [o] 8 [0 b ke u-dp?iens. gl gl #UsE0 020 k0 1) 07—

2) THY, m E B } IS Y { } D, §TRA, {8 0} BOS—EHIHY Gichs (DFD LD (2)
DI —2),

p CDHY DFRET, ME_BEBIAERN BT TRHEABRXDPERICR -7z &, 2D MO AERX

2 (;i 4) f1) = 0 O oL EDZ L REVILEAD VS, LKV, HOY = b A
ax

) (7 —A) fla) = 0 % i3 B

@) (f—A>f £0 788 (T—A) fla) = 0 172 3 BIK

€X

D 2 FEND 5 7z,

ZLT ) IWETBRY P LroHIiE,
(l-a) 7= (M — M) @ L RBTEZRZ ML (G (M=) @ =0 Z2HEd)
(1-b) 7= (M= AN)w & RIHTERVRT L

= San—— H & [8 (1)

COXI T(M - 22 Z ik > TOoRPNE —HOE KON LD BN 2D
T, ZHUZ P34 V8 (Jordan chain) 2 WHERETE DT & 5, Lofilzzs,

] H ERITELDT, (1-a) DFr—RAThH b,

7= m - (M = \)7 = H NI a X VETH 5,
T 31: P a)L4H

(M-A)'5=0T (M- A)"15£0THBRZ ML (@EE hO—fILEHRZ h L)
Holtt Tz, MIIZ2 M- AN OB L EODRORT ML EED TEL T2 BHOEHDOAR

28 ZOFED T8 (chain)] 1 NHEEHKIE (chain reaction)] @ [EEH 1A WEKRD WEFFOSEE,
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7 MLOES
7, (M — M), (M — A\I)%7,--- (M — AXI)" 17 (7.82)
2 IoalXZ ) MR, Zh5ETART Ker(M - AD)") BT 5,
ARX=J LTI 2—F BV RZ LT, M- AN 2T 222 ic@mEd [F23%) £&E X
ATE V. o2 BN, (M- AD"151Ed 5o M- AN Z2HIT B2 01ck3 (DFH M OED

BEIRTOBHNZ P,
UFOZ L HE R 5.

BER 63: 3 LY VHEIFIF ML
(7.82) BT 27 bL (BEFT R A) SREMITH 5,

% AL £ 5, IO MIL TRV, Thbb
h—1
Z (M= XI)'5 =0 (7.83)
=0

BT 0 TRV o.) DEET R L ETRET 5, ZORICHIRS M-I 2#i758 i=0[TH 2% 1
TEDAME (M = AD"G =0 55 012k D,

ao(M = A" 15 =0 (7.84)

YHhoTLED, [ap# 0 THIUS. (M- N'"10=0 2 B> TRECKT 2. [ag =0 [THIUI. |i=0 DEMK
Lotz

h—1
Z a;(M — XI)ig =0 (7.85)
=1

B DD, ZAUS (M =AD" 2 2HIFESEE oM - AD 10 =023, oTa H0ICR->TLEY, [
BOFIEZBEDETZ L ICE D REIIE M - AD" 15 =0 ko TREICKT 3,

DFD., EE h O—fBALEENZ bL) BHEROD o725, m KITZEMD Ker((M — \)™) OHIZ h
ROFEERT M ERDI 221285, h=m THIIITRTOHEERY MLERDTF-Z 2Tk
M, FITRWESIIERS m — h KITDZEMOHFINCE ARNT MARHE 0% HE > TWL,

7.6.2 Ta)lHViHEREEL L1177

UTRTWEh=m|& LTEZXS (25 THRWVWESIXK, Efz00TEXZERZIWV), FIEOL S
L TR 7MHI R M LOH%E

Uiy = (M- AD"'5 (1<i<h) (7.86)
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rEL BT S (G =7 LT, M- A2 2 ZEICIRTO () HOBFATHA2 L5 1L
7)o THUCM EBNFZ L E 5120 ERTAHLS. M=A+ (M- \) 2ffioT,

M’L_f(i) = )\17@) + (M - )\I)Tf(i) (7.87)

U(i—1)
MDD b s (L i=1 0L 23EDHE2HZ0). 2% D, M 2HIF LHRIZTTON
I AMELEDBDE =D M - Al ORER LA 2RZ FLOFIE D,

=z
M Ty | o) - Tne) A17(1)JM7<2>+17<1>1“'A77<h>+17<h—1> (7.88)
v EBITE S, :@;ii o -
(M=) | Gy | Tay | Tz - Ty | = | 0 Ty | T2y -+ Ty (7.89)

YENTH LWV, RIZKHIT IM-MiI2&k3? 77@) DORE) ZoRLEM, At F(M — AI) VRN
ﬁ(i) DIRFE i RT3 (-2 23 17(2) D3 17(1) WWEDHB)] EWVWIAR—ITEZTH IV,
ZDP 2o FHEREZITS &,

Pt 0 0 0]
0 1 0 0 O
0 0 A 0 0 O
POIMP = oD (7.90)
0O 0 0 --- X1
000 --- 0 X1
0 0 0 --- 0 0 X]

8%, ZOTHNE TTEDORTZ bAZMELIZDDE—D M - AL DRER LD o7 L) 21E
BITHNC T2 2TV 5,

DDA E T2 3 L4 VRS (Jordan cell) [ ¥ IER, n x n THEHAMHE N O a L& v Hllfa%z
JJA) eFELZIT b,

A1 0
1
3 /\], JsA =10 X 1), (7.91)
0 0 A

JiN) = N Jo\) = [

THb, Ji 3L (EEE) THY, J, LERDHZEHEITY a VX VHPFET b,

29 BEHIEE Teell) Bdrd ¥ DNEEI LW EKT, BUTEWO THINE) OFEKkE bR,
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U [ 7-4] R o5 ELIZE T 2 £ ¥ a A X SV RIIIC T 5, TR X,

9 1 3 -1 0
(1) [_1 0} 2)|—-2 2 1 LY b - p2ld A A — p224 A
-2 -3 4

1.7 23 UFER

CZETOHENPHT DL,

. (7.67)‘,(1\/.[ — D)™ (M = Ag)™2 - (ML — \p,)™ = O\J (Cayley—Hamilton DEH) ZffioT, NI

{
— pl72 - g

FZER R EE RS P T EMLEE N2 R OB R (Ker(M — A)™ ) 933 2 b
HTE B,
o« ZNZNDO—ALEB X2 ML DZERNTO M IZHEEEE T2 22 TY a L X UMildicTE 3,

Ebnd,
W ZAATHNIHEBERIC E D UNISRT T2 3 L4 VIE#F (Jordan normal form) 2912 T
X5,

Jmltl()‘l )
J777,1<2(1>\1 )

Jml‘cl(:)\I)

iy (A2) (7.92)

ng_cz()‘Q )

ng,1(>\3 )

ci WXEAE N\ OEAZERNCHE D Z2ITHIBAEDY a L X Vil E > T30 %2 RTBFT. m,; &
FHREDOY a VX UHIROITHIOITE FIED) TH 5,

Y al XU MEAET I, THE25E, TOTFININAITIITSH 5, TN OHE X E=A1TFIC
Lo TWb,

Y a X VIFEEBMERL DR, ZOBDOITHEF o HEFEN K SAELNTVWEZETH
% (REDKEZZ),

CIN [ 7-5] 2 x 2 (BT 2 X R [g 2] [g i] [g 2] ® 3BEOT Lk, 3 x 3 F5ICiEy

575’7 % — p224 N

30 [Jordan canonical form] ¥\ 95 & o LEZF S RV EFDH 5,
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7.8 WA{LRTEERMAF

1751 M 25, ERIZATHI P 238X & THUZEBIZ XY P IMP Z2XAafT et s %, TM I
SALARETH B L5 S5, ZOFTIE. (THIBRAILATRETH 272D DEGEEEZ TN I,

ZZETOXMNANMDOTFEEZR TN, ROEELHZZ2ETIThbr31E59,

R 64: WALATRESRHF L EBARY MLOEK

N x N{THDEBRZ bv (BEIEXRZ PATHEBERZ PATHA]) 2 N KEE-TW3
Zrid. WAELABETH B OMBEFHEHTH B,

iﬂ%ﬂﬁ&7bwﬁN$@éjﬂﬁmﬂ%%%%50EE%N&L»ﬁNﬁ@%th@%
noH, Thok 7 (=77, ) L LTIOEMOEEICRHALLS, 2h2hoxZ b
E M =\ Rz T35 (EHEME A OFIEFRILDDOBH->TH X)), (6.77)TP-72&5

> pl52

2 TORZ PARFIRY P L THAREATHI P = | 50 32 ... 5V | Z2fED. EHEXRZ bV 0
ZHEY Le EOFMEK 0, ZHEL T, TAZTARZ PAUCLTHENS 2 TETAI P %
E %,

PP lickh, MiZ

P—l
A
- : . i i
(51) —_— (71)"
SN T SN T
U v
(@) M |7 @ | = (©2) M | M2 | M
@ @
(51) "
S\ T
V2 ;
= ( ) )\1’(71 /\2’[72 )\Vﬁj\
@]
_)\1 0 e ()
0 Ag--- 0 |
I B (7.93)
0 0 Ay

Yo T, ML EING, TEEGRY PADBNARDHZ) 2HFERET2H00, BICP ' OLMBTE
L7200 T, RIZFAILTH %,
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Umﬂ%(t)EﬁN7FA%HV$%5¢JﬁMﬁﬁ@u%$T\ﬂﬁkﬂ%&%ﬁﬁk?%k@
DITAIP BB Z i DE S, ZDITHRFIRTZ FUWZE S8R, TR AREFEREXZ FL N AD
) B TE3, A, P ofih»rs, MNIREREEGRZ bV N AKOM) BiE5N5,

7.9 X9 3175 DEEAL

MToEM»H 5,

R 65: RT BT5IBFBA AL ATAE

5 A, BB B N x N fFHIT, 22t aaET, %3 3[A,B] =0t %, =
SOIFFIE RIS 2 ERETS P SEET2 (DD, P-YAP & P IBP {75l
272 %,

A, B DHALAIRES WD Z ik, BEXTWS N XTDNZ hVERIC

~(1)  =(2) —(m1) (1) —(2) —(m2) (1) ~(2) —(m)
Uxar a7 0 WD Wi Va0 W 0 U Uae T U (7'94)
~~
[EHENA DT N—T

DESIRBRIEBERZ FPLVERBZENTER L WS 2 TH2 (MALATEEIIRE L85, FEAEH
@%}T&m:&dﬁﬁbftm@f\ﬁbﬂﬁ@@%ﬁﬁ@ﬁm%ékbt%ISKﬂLT%ﬁﬁ®

BE®ZZ22Z223HTE3,
AYBAZHETZ WS Z I,

AB#y, = BA#, = AaBi, (7.95)

B DIDDT, ADEFRZ LGy, KB ZHIFTH, R1ED A DEEFERZ bL (EHME N, T
HBIENERAD. WRIZ, BEENI 2 L 0IOIHBEE RICE VL 17— OXRTZ PANETOE
fucinz, 2% h. LOREERMHES 21THX

A
B:
A

A= A2 . B= (7.96)
. ]_)’2

A2
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DXy Ty zbEnTVw3, XoTZDHE,

(Py)?t B, P,

(7.97)

D ESITHBERT 5 2 T, WAAHALENS (ZOMBERT, A BEHRESNRN I LICHER.
A, B DAL SN B EDRERY R 6 | D X311, Zo0fFloEARETHEE
5 Zkllitb,

7.10 2=R TS & XA & ERT1TS

B X 2 WAL D e h T, FHCEELR O T2=2 V78] ka0t TH s, 2=41
THDERZ B2,

T 32: A=X 1175
UU' =U'U =1 2% FTIESTH. THOB U =U " Th2T5% (2=52Y175
(unitary matrix)| &M,

=R VTEPNE VDR, TEATHIOER) TH 2, ERITHID TER) RO 15l E5I~ 2

— pll6

ML E AT & FIRZ FVIIHEIZERLTWS (FED0)) EWIEKRTH o 72h, 1=X
VATAS

ut U
N 1T > [@)te (0) 0 - (1) Oy
(o) — ~ ~
1 0
()" ()15 ()17 - () Ty
Ty (T Oy || T S~ | =1 (7.98)
0 1 0
(@)’ T
- - - _(UV)TW (UV)TW (UV)TUA_

YEZBIENTES, 22T, P POBAPLEN, URGETIhBHIRZ ML U & Eh
BIPRT7 PVIEHEWIZTL I — M ER (1) OBRICH B, TU 2FINZ P LD E AR LIz EDF
N7 MLy PEENRZ FAVEBOBERSEE (6)10; =6 720 0, - 0, = 6 B &z LTV,

31 2= VTH|D T2=% Y (unitary)] & 1) 2EHKT %,
32 PREZNBHIRZ b P HIZEENBTRZ MUIEWIRITIEH 205, b3 — MR ERS 20,
33 HHENZ FLONET- @ 1E (0) @ TERSATVS Z LIgER,
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E#&E 33: A= XK
IRz bk d@— Ud. 1727 P ) — (0)Uf L AEiciFsz M —» uMut v &

B3 3232 v % 2= 41)ZH (unitary transformation)] ¥ FE3R,

FUZEBUSAE 5 475 P &2 FINZ b3 728 THAZ ) 20 5 272 L Twiud &0 - 7225
A= X VEHIHE ST U BIOR U 2HRZ P UICHGT e 213 THWIHERZ LT, JAAabil) k
W SRR 7 E 7 L TR W R W,

2= &) ZBEIIMHNER O~ 0 51751 P L — R, BEBERET .

LWL XY EBMIBEERZ PLORNEY G- b= @ b 2RET 2. ThbbH,

a —Ua,b —Ub 2WSEHIHLT,

@" v — @' utubs = @ b (7.99)

vZiEhs (ME UU=1%fHs7),
AN =R ) EBTHANMTE ZELEBLITTH 2 Z e BHosNTW5,

FER 66: 1 =X U1T5)IC K B0 A L eI Res & IERTTS

EHFTFHM B MM = MM 273 (Z0 &5 %475% TERITH L0 2 ¥,
2= ) EHCHALATRETH B Z L ORETDETH 5,

COEHMNS, TAI— M (H=H' 2#=375) ta2=x917%5] (U ' =U" #7317
H) 3= & VAT ALATRETH 2 Z L Aibh 317,

HER 66 RAFAL X5,

if\@:&Uﬁmfﬂ%mﬂﬁz:MWL:MMD%%?OAT:UNwﬁﬁﬂﬁﬁﬂumé

34 BB, 2=RVEHRE UMUT bEL A UMU 2ELRE. U obReB500EVTLARVOT, REMKE
Fw, EobZfioTh LW,
35 RIFERTH¥FREYTZIONBEIEELYHNEREFOOTH 2,

. TN — Mt s X S0 L A5 TS 5 L s, | [0 1[0 0] , [0 0 1
36 |M'M =MM' Zifi/e IRNMTINIT SAD 2, Tz 21, {o 0} [1 ol # 11 0 olr

37 T I— MTF (LT B LTI - MEET) H2=X VERTHATE 2 I Lk, RINDFETEETH, BE
THEh 5% [WRBRET 51 12X VAR ERERS D 5,

o o
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YLT. ZORSEDIIN I — FHAEE S 138,

(umuh)' = (Uhimtut = umiut (7.100)

Y725, UMU S ATHIZE 272D T, 2O I — M TH B UMIUT & RAITHITH 1%,
HAATEIE S L3S s 250
UMU'UMIU' = UMUTUMU' — UMM'U' = UM'MU' (7.101)

—— ——
I I

Thbd, ThEWa=xVZLH (EHrs UL, A6 UZHENT2) T MM = MM 723,
J)ﬁ@u &) TR AR E <—= MM = MMQ%%TM@\ FFMOEBFERZ MLy M!

DEFHRZ MLDBEFRERLTEL . Gy 2 Mty = My v THDBE (M- At =0 Zifirz52 7
By, [BRZ LD ALIE0) DT

(M = ADH* =0 — ()" (M= A\T) (M = A)#, =0 (7.102)
WEZ B, LIAMBME M BT 208
@) (M= A1) (M= 1)y =0 = |[(MT =3 T)5,]" =0 (7.103)

TbH%, £oT. (M = MN1D)T,=0TH3, 2%,

ERe7: ERTYOEBHE
M DBIERTAID &, M OBEBEXZ bL (EEME N & FARRC M oFEEX27 bL (EHE
X)) TbH 3,

DI D 3D,
TEmB Y (G (M—-AD) =0 832, ZoREM->T, EEMHEINES —DDOEERZ FLOR
EiconT
(Uw\)TMUw\’ :/L\\(@/\)Tﬁ)/\’

R/_/
ZobRFICEHE
(T2) "M x =X (0,2) 15 (7.104)
R/_/
ZobRRICHE
ﬂ&glgﬁj—%itf O (A A)(”U>)\) ’U>>\/

38 LI — bEBRE TEREBHEREE THE2 L. BB FLIEESANEDE L —
T7bb (AB)  =BIAT (ABC)! = CTBTAT iIciEE,
39 ZIZTHBRTVWRZ 2. TMAP2=X Y ERTHAAIRERS, M A=Y ZACRIRERA{LATRE) S Y
— pl82
TH5,
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YERETEZDT, A4 N DL EZ (0,00 =005 X%, ZRIEHMEOES FEHNZ hLAH
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KT, M BIEHITHIOHRERY a v X ViR TRWZ L 2RT,
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7.11 EREEME

* [EE R 7-1]

—HRDZIER flo) BEZT, 2021 A% MCA) (ARRCZ D 7 —E5 k2 CHATH2# T =b0% {RA)) L
LOE fA) LEL,

—DZIENT

fly) = fle) = (y — 2)gz,y (7.109)

MDD, CORDyIcM %Z, 21221 % MUAJ LT
fM) — flx)I = (M — zI)gz,M (7.110)

YOI RBIED Z L ATES, BRI M 2 T Lok, MIZHSES L 3BT 5 L, 1TIEFNTOEs L i
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%3,
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Z r xEAREIEIC X D HERRE K. 5 — p234 ~
* [ R 7-3)
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FE8E 1THDWIRD CHa8 - W

8.1 1757

8.1.1 TP DO EA
THN DTS

74 7=y VH|

dwm_(dmﬁf A (20)
dt R W T ' C\dr

(8.1)

BT 3. IR OB TER LA 2" = na1 2S5 T 5.

da

Ay = (L an)) A" BT s v b,
dt dt

All) & %At A LAV E I LA o R % 0l
(6F

dt dt dt

n—2 d n—1 d
+ (A1) ((UAt ) Alt) + (A1) (det)
v (L) XTHs,
8.1.2 BT DWD

A NHAL) =1 OB EMTT 2 e FHIERE»SMTT 2L 0).

d d
— ATV VA + AT [ —A) ) =0
( at ) + ( dt )

iA’lf Alt)=— A"t (—1Af
dt dt

EiaoT, UPoRXZ2[ 5,

i(At )":(dAt>(Af " Al (dAt)(At)"_2+~--

F&R 68: WITHI DWW

d d
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Tiabb, HATHOWTZTTOITIN DM DHIRICHATI ZH#IT T, 51T~ A4 FAFS 2D 5,
ZORZE 1 x VATHITE ZAUX D BB D57

m (flf) - (;/:)2 o

DMBEZZEZTHVWVD, (THTHE AL IFZESEF0DLRNWIEIREEL

1

DRI B ks i

k5,
8.1.3 1THXDMH5

1T v DB TH 256, TR /- 03, 2h2WO T2 I RKETFOR
0 (det A)

2D T,
0Agp

(3.144) 725 A,y =

0 ~ 0A,,(x _ 0A,(x
%(1(‘,1,‘ Alx) = Z A,z 81; = det A(x Z(A 1)1,,1 x 5‘]; (8.6)

p,q P,q

LVSREND ZEHTESD GRIET L BITHIOMIR(3.156) A" = ﬁ;& Blliote), Tie. 175

& det[i), Ta, -+, Oy ERIHLIZEE. FOWIIE

Ld(\l 1717 1727 e 71_]"\7
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=det ﬂ,ﬁg, <o LUy |+ det |7, dﬂ, s LUy | - det| Ty, U, dﬂ (8.7)
da da da
DEIIC HZeDWm) ZERLHIFAZETHETES ((TZ2ITLTHA),
8.2 175 DIEMERR & XT K
8.2.1 177 DIsHEAEK
FEE AR exp(2) 1X
exp(z) = Z %:1'” (8.8)
n=0
ETAT—EHTS I TE R, THOELE LT, 17508
exp(X) = Z %X” (8.9)

n=0

TERL &I THDOIERBEBIIMORITZON e WS & il OB

WMo AR %f&l? =aflx) DRI flr) = Cexplar) (F7z72L. Cld2=0TD f DfE f(0),
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fi"ﬂﬁ?\ﬁﬁ'aﬁ‘ %ﬂ:b) =Aflz) @ﬁé’é&i{:’ﬂm) = exp(A;I:‘JC_"j‘ (771, C Gi\::z' = O]"C‘O) foofE f0),

J

DD SIDODTH B,

£ MAHRROWN] flz) = exp(Ar)C ol 3 ¥ ETBATA, BHAZ ML 6y 1CH LT3 2 05 RR2

Uya\(z) = exp(Ax),A(0) (8.10)

L%, DEDEFENPEDNY FUVITERBEIBENCHIR T 52—, BEIEEIADNY P UFEBBIEENCED L 0 12lE
D5, (THIOEFECEBA LD X S5 1TIR2%E S »03d 21RERE 2,

8.2.2 EHEHEHRT 35 E: WALARERITS

(8.9) TERT D LIFE-oTH, ZIDFHENARE (WBHBPCRL7ZWIRE) TH ok HbEMIIRW,

4 o
HET 2012, ke ES, T8 P 2o TP IXP asxtfafiisl |0 A2 | ok
b, ZOMNAITHID exp BEZ D L.
exp(P'XP) =" i' (P 'xP)"
n
n=0
A0 - "
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. .. oo v S~
i I
exp(A1) 0 1 -
1
0 by el _p—1 - n
' epr 2) | =P ;n! (X)"P
.'_ H/_/
exp(Ad) 0 - P
p| O exp(Az) | P! =exp(X) (8.11)

YRBIEME, exp(X) MEHETE 2T,

N [ 811 4751 {0 9}, [0 -0

0 0 0 O} D exp ZalIHE &K,
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8.2.3 EHBEHEHET 355 AL TERLTY!

AL T E R WTHID5E D Jordan FEHEIZH - TWL ¥ exp DEFIETE %, Jordan Ml —>TH 3 B 1} AR
t BENI AT OB EFHE L TA L, FITHDn EEHEL LS,

a 177 a® 2a a 177 a®  3a?
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R BDT,
a 171" a® na" !
0 o =0 s (8.13)
*FRTE 5,
a 1n+l_ a™ nan—l a 1 _ an+1 (n+1)an (8 14)
0 a |0 a® |0 af | O a™t! :

YHERRTE 20D T, 0L EDOEE n IZOWTZOFRIIIELW,
LW Z ki,
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n a” nanfl eal, teaL
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n=0

Z %n(ﬂHl - tz: (n i 1)! (at)" ™ (8.16)
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DES RT3, REORDE2HLFE2HEZ P ISP L P INP L L2 2, 2o 20ffilidxidsnT,. 2h
PWHEMEIR LS & N bR T 5, XoT,

expM = expSexp N (8.18)

YLTRIETR VWS FE (SN 353, NiZ (P NP ABZSRDT) IREFTH) (AE1TZL 01725
1751) TH27H, expN IZERETHERDLE VI DY/ ZI0DH 5,

‘,;J,\ [ 8-2] Jordan Mifd J{a) ® n FEEFIHE X, EYh - p214 A fE — p225 ~
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8.3 1T5IDXEK
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SHEBERIC IR
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n=1

1 " r—c 1 /r—c¢ 2+1 T —c 3+ (819)
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WIS TAT—BEND D, clZERTH 2 (LD XD REEEMIZITRENIIZRTHRD D), ZOR
DEH%E » THMIT 3 L.
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TE& 34: 175 OB

o~ (=) (X —cI\"
log(X) =1 I—§ = ([ ==
og(X) ogc 2y c
X—c 1(X—-cI\?> 1/X—c\?
=logcl + < <) +2 <) o+ (8.22)
c 2 c 3 c

ZDEFRITE B BEBITAFE N SED \Lexp(log(X),) = X;}Z\flog(exp(X)) = Xj\%?ﬁﬁf:?"@iﬁ
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OEEME N\ BETIETHLIHBEDAZEZ LS,
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—1)" n
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n=1
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bt nc'
_logc O e o ( ) )\1 —c 0 n
—_1)n
—| 0 logc--- _ 0 Ao —cC -
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LA G,
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P-1exp(log(X))P : : '
Y725, lexp(log(X)) = X DEMT & B, P'XP

72720, ZZTEAMEOHIZ0DD 2 L logh\ BFETERV, XoTZOXDKILT 2 DIE X A3
FHIZZ &2 TH 5 (EEOMNEEEZ > T, MNog0) ZFHEL A1 EEbLNTHEE RO THSA
ZQRYR
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8.4 1T5|DIEHEHUCEET 3L
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8.4.1 175 DIEEBEIEAD det

FER 69: det(expM) & log(det M

det(exp M) = exp(tr M (8.25)
log(det M) =tr(log M (8.26)
AERRVEAHBIZE U X 2 =AM T2 E S,
det(exp M) = det(P~* (exp M) P) = det (exp(P~*MP (8.27)

LT, P IMP A=Ak A T, P IMP OXHABRIIIZEBE A\, \s, - - - DIERDT,
exp(P IMP) OX R TIIE et o AR 21Tk B, =ATH o TAIRIE o D o
DT,

det(exp(P7IMP)) = eMet2 ... = ghithet (8.28)

%, EHEMEOMENL—XE056, detlexpP 'MP) =exp(tr P TMP) 23bh %, HEIZEHZ
T9IRD P L —RXBEZR WA S, TT (8.25) 2FEHAT X 72,

ZDZehS MBEARITITH > T exp MIZIEAIFTIITH 5 Z & 3o b 5,

(8.26) DFIE. M — logM [ BE=HZ AUXT CITH 5,

8.4.2 exp(—A) ICKBELIE#

DUNTE S HHUESUIE T B 5B T 5,
R 70: exp(—A) ICK B HELIEH

exp(A)Bexp(—A) =B+ [A,B] + % [A,[A,B]] + % [A,[A,[A,B]]] + - (8.29)

RAAL £ 57, ZoRE

2 3

exp (A1) Bexp(—At) = B+ ([A, B+ [A, [A, B]] + = [A,[A, [A, B + - (8.30)
Dt=1 LR R0EN ZoXDaL%E 1TX5T7 47— BRI
n BO#EDIRL
(?f) (exp(AlBexp(—AD)| = [A,[A, [A,---, [AB]]]] (8.31)
ar =0
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DIREIUE Z DFR (8.30) BIRBIZZ LT D, [n =01 exp(At)Bexp(—At =B ¥7%oT,

=0
HHT®H 2, n=1%2F3RZ,
d
—(exp At)Bexp(—At )
dz =0
“F (exp(AD) i (exp(= A1)
/_/H /—/%
=(exp (At) ABexp (—At) + exp (At) B(—A exp (—At)))
t=0
=exp (At) (AB — BA)exp (—At) (8.32)

T (Tl[(exp(Af)):exp(At)A ELTWVED, ZOMBITED AIFZDOLIITHRAHETS.,
ar

d

" (exp (A1) = Aexp (At) D X SITHNTH TS KW (A & exp (A1) ZRHATH 3),
ar
PEZ#EBDREL TV &, M2 T 27 NTRHBBIR (A, «] DB A TV 2230 d, £oT

n FO#EDIEL
o'} m N
exp(At)Bexp(—At) = HZ::OH[A, [A,[A,--, [AB]]]] (8.33)
Bbhrot, ZORZE,
exp(At)Bexp(—At) =exp| t[A,*] | B (8.34)

LWL S %,
8.4.3 Campbell-Baker-Hausdolff D/AT

R E - 3EEBROERERFICOWTIE eve! =" TH B, FTHICOVWTIIIULTRD X 5 %Rk
HeohTwd,

#3R 71: Campbell-Baker-Hausdolff D/AT

expAexpB = exp( A+ B+ 1 [A,B]+ - ([A,[A, B]] + [[A, B], B]) + - (8.35)
z ORI,
loglexpAexpB) = A +B + % [A,B] + %2 ([A,[A,B]] +[[A,B],B]) +--- (8.36)

CEEZETIEMNTET, ZHRTY OB e RO ER > SIHICETREL TV ZepT
%50
c=112L5Ea0R(8.22) % ffi- T,
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1 1 1 1
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| ROE zlﬁjci)lﬁ‘ 3>7/(i)1ﬁ‘
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TH2056.

1 RDIE A +B (8.39)
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DEISWRIEIHBEL TW B TES, SROEETHHELTEL &,
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z DEEBR DTN
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B =110 0 0 ¢/ |0 » 0 o0 0 v 0 0/]|0 0 0 ¢
0 0 0 0/]l0 0 ¢ 0 0 0 ¢ 0]/]l0o 0 0 o0
faa* 0 0 0 0 0 0 0
o w0 0o |0 a* 0 0
1o 0 e 0 0 0 B 0
Lo 0 0 o0 0 0 0 cc
Ffaa™ 0 0 0
0 bb* — aa™ 0 0
=l o 0 et —bb* 0 (C.66)
L 0 0 0 —cc*
/*73\ ’/—1\ P
b, TIN5 aat = cc* =3 DETHRr3, éfol\’.‘ bb* — aa™ =5 5. ‘\bb*=2JZKIZ"Lb§fJ:L\O X o T,
N ) N '/
3 0 o o 3 0 0 0 0
2 — 0 0 3
0 5 0 0 0 02 V2 0 2 000
_ 2 _ _
L, = 1 , Li= N (C.67)
0 0 0 3
2 5 0 0 5 3
_3 0 0 20
0 0 o0 5 0 0 5
TIRTOTAND DD S (a,b,c DAAHIFEITDD SR VA, HHEDZD 0L L) Ly, Ly d Ly 255HHTE 3,
[N B DG . o (R p210)
01 0 0 0 1 0 0 0
T; +iTo= |0 0 0|, Ta+iTs=[0 0 0|, Te+iTr= |0 0 1 (C.68)
0 0 0 0 0 0 0 0 0
DT, BERINCEIE LT,
1)
0 1 0lfo 0 o 0 0 0/fo 1 0 0 0 1
1 0 0//o0 o 1/—|0 0 1|1 0 o|l=1]0 0 o (C.69)
0 0 o|llo 0 0 0 0 0/lo 0 0O 0 0 0

227



2)

[

0
o} (C.70)
0

LR BoB ) DS . e e (R p210)

01 0 0 0 0
T;+iT2= [0 0 0|, T;—iTe=|1 0 0 (C.71)
0 0 0 0 0 0
2DT,
0 1 0|/[o 0 0 0 0 0|0 1 0 1 0 0
0 0 0/t 0 O0l—-|1 0 0/|0 0 O0/=[0 -1 0| =2T3 (C.72)
0 0 0/[0 0 0O 0 0 0/[0 0 O 0 0 0
L%, MDD DOVTIX 1 DEIED BT HRD T,
10 0
[Ta4+iTs, Ta—iTs]= |0 0 0 | =Ts++3Ts (C.73)
0 0 -1
00 0
[Te +iT7,Te —iT7z]= {0 1 0| =—Ts+V3Ts (C.74)
0 0 -1
L5,
K (BRI 2-1) D B v b o e (Bl p53. M p229)

200K EHEAT, N7 PAMPHTHLEEZM X515 DESRMMBTE D, FTHELED

MR (KO ORI EEZTAL,

* [EERRE 2-2]) @E‘/F ..................... (BIEIE p53. BEIE p230)
MREERED F5 1, j,é'r(t) = cos0/t)8, + sin0/t)8,,8p = — sin0/t)8, + cos0t)8, TH 5 Z LI LT, &(t) DWMH%EH %

AXiS, )

I [TEERIE 3-1] D B v b ot e (MENE poO, EIE p230)
R 21 e TTE AR MEICL TV,
= p77

* E‘@igﬁﬁ% 3-2]1‘ D B B (MR p90. MEIE p231)
“ 5= Ayg BOT

J )
\_ %

det A = det Z Al_yé‘j, Z Azjéj, tee Z ANjé_]' (075)
J J J

L7 kT N ERBERMES bmE 5,
K (BRI 3-8 D v b ot (i p9O0. MREIE p231)
AT DD % My (I, J3 1256 2N £T) LT

det M = > €iroinin iy Mg, -+ My, Myg1s, -+ Moy, (C.76)
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t#ELS, LITHPS NITHETO Mi;(j =1, ,N) & Bjj LRV, WA ZDRD My, - - - My;,, DFEBTE B IR 5,

K B RIRE 3-4) D B ¥ b o (I3 p9O0. FREIE p232)
A TR 37225, RIBEODITIE, E?ﬁg} , Eg‘;g} D2 KDRY P AEBHNTH S,

K (BRI 3-5) D B v b ot e (FEE p90. MREIE p232)
(B.157TNTZ D 3 M DFERE. H B VI3 HENT - A0 LI OFEEEZRAT 2L 018722 Z L 2L 5.
=5 p90

* [(ﬁgﬁﬁiﬁg 4;1] @E.‘/ P (IS p110, AIE p232)

B % { b Hz}; H by } YERILT, ABDBEIRIDEEZELTAHAL D, rank B 2ld. b, ©3BHENTHENZ MO

TH5,

o (BRI 4-2] Db v b (BN p110. fEEIE p233)
e pix=[1 U ers e kX #FoTHD. 2 X 2 TATERTHLE £V,

* [(‘fﬁgﬁuﬂ@ 6-1] D [V I‘ ..................................................................... (M p156, M p233)
TR

;—IZ B ‘757.’)"5\ Woid. i BHOEZEN 1T, X0 WS XRZ % i — 1 BHOESEN T, o) &

(dx )

WS RZ MLIREIRT %,

K (BRI 6-2] D b v b o e (BB p156. MEEIE p233)
WMo e WO HE DR, TLONY PAEMOBETRERSRo% b, ZOHETFIINY FEMAOEEF TR,

w [jEE R 7—/1] D Y B (MR p187, FEIE p234)

EEOTINE AA = det(A)T BT DT, M — 21 20317513

(M — 2I) (M — 1) = det(M — 2I)I (C.77)
H_/
fl)

BT ZEDDD . fo)l % (M—oI) (M — D) ICEEHR S 2 LB TE S, hEM-T M) % (M- 1) 1253
TAEEIZbD L ERT 5, ZOROEDE + TEMLTHEEEZ X,
K (BRI 7-3) D B v b o e (MR p187. IS p235)

=[] DEFAEBEDI LY ETAKOT, ¥T T = [ ] oEmEReTAsE, | X | T

0 —
A
Hb, TNZILICTHET 5,
K BRI 8-1] D B ¥ b o (H#13 p196. WA p238)
Loy
FEFTFNE |0 || o, FHERERGEHETE S,
O —
b -
/T1 1 A
N o _txo—
e |2 R 7A2{0 NEEEED
\ ) y
1 17?2 , 1 173 , ,
N Y) 1 X —2X N Y) 1 [X -3\
3 £ :F{o AQ}’ 3 ! :F{o X8 } (©.7%)
A A
YEEIhZ e, nETZLEIRLZDOTHET 5,
K [ R 2-1) D o (BI#IE p53. LY FE p228)
8-«

DESITEZDL, bV MIHIIMAHDORZIZE, 2cos 1275, & LT, MARRDKEH
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T BMAEI ThHb, DESIKERHL &, (2.150) 2 (2.151) DD H %,

— p53 — p53

a+
2

* CHERE 2-2] O
RO & & TRT

(M1 p53, ¥ M3 p228)

y

EREETIZ Y ¥ I,

P =it)&, + yt)&y \tf;%o @fﬁ?ﬁ%@?‘ﬂi‘ %ﬁ: 7(t)&,(t) +r%é’,

§ .
(t) THDY, Eé,m

&
d . . . . R . . .
pry (cosOt)€, + sinBt)8,) = — Osinbt)€, + O cos )&, = 08(t) (C.79)
LB ERMS
d - -
EP =71€,t) + r0&y(t) (C.80)
K BRI 3-1) DB o (BB p90. b M p228)
(1) 22T
at+z a+y a-+z at+r a+y a-+z s
b+x b+y b+=z /4 *A) b—a b—a b—a
etz ety cdz| LIBERIEORLINC | g o g| sTeEL2AmIK
rT—2 Yy—2z a-+z N r—2z 0 a+z
0 0 b—a . 0 0 b—a C.81
0 0 c—al| 1790 17 w2 mmesaic 0 0 c—a ( )

x

z

L7230 T, 1THIIZ 0 (\‘w—z:Ointé@’C‘\ci\ E-SAHVDE 0D LIRWH, ZNROREDIEEZ T2 ETHR

ATHRZ0TH5),
(2) £3 cos§ £0 /‘011&% LT,

[ sinf@cos¢ sinfsing  cosf .
cosfcos¢p cosfsing —sinf e
- sin@sing sinfcos¢ 0 11700 — &% 2 FIc iy
sin 6 cos ¢ sin@sin ¢ cosd sin 6 cos ¢ sinfsing cos@
(2 2
sin“ 6 sin“ 6 .
cos 6 + cos ¢ cosf + —— | sin¢g 0 = cos ¢ sin ¢ 0
cos @ cos 6 osf 0s 0
i — sinfsin'¢ sin 6 cos & 0 —sinfsin¢g sinfcos ¢ 0
— 0 0 cos 6 cos 0 0 0
30 20 e A —— cos¢ sin ¢ cos ¢ sin ¢
o os 0 FUzed 2 [l cos 0
e 3apo 2208 gy —sinfsin¢ sinfcos¢ —sinfsin¢ sinfcos ¢
Fldh 551 e
(C.82)
(N cos @ cos cos 0 sin ¢ B DITHIR D
—sinfsing sinfcos ¢
. 1 . . sin 6 5 o sin 6
cos ¢ X sinf cos ¢ — sin¢ X (—sinfsin¢) = —— (cos® ¢ + sin” ¢) = (C.83)
cos 6 0 cos 6 cos 6
THZZ ez, T sing 72 bh 3,
‘; cos =0 /\@i%/ﬁ\&i
sinfcos¢  sinfsing¢ 0 0 0 sin 6
0 0 —sinf 3 —>_ B sinfcos¢  sinfsin¢ 0 *—>
—sinfsing sinfcos¢ 0 thor2fa | _ginfsing  sinfcos¢ 0 g2
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sin 6 0
0 sinfcos¢  sinfsin¢ (C.84)
0 —sinfsin¢g sin6 cos ¢

R UNE 1 { sinfcos¢  sinf Smﬂ D5 DITFIF S

—sinfsin¢ sinfcos¢

sin @ cos ¢ x sinf cos ¢ — sin @ sin ¢ x (— sin 0@s¢p) = sin? H(cos® ¢ + sin® ¢) = sin? @ (C.85)

i3, Lo TiTHRIEsin®0 272 3, %‘Ci‘\cos@ = Of\@i%é\%%ifb\%@'@\:’sin20 =1 (BHBWVWX, sinf = £1) \“Ca’é
52 mBZIE ZAUTsing ITFLL,

K [ TR 3-2) D e (Il p90, k> ME p228)
by bh&b,
det A = Z Al.u AQJ/'_’ o ANJ,\' det ,é‘v/‘l s é‘v/'z P é‘jN, (0'86)
J15J25m 0 IN
E IR B
d"ﬂéjl ) éjza e 76j1vﬂ = Cjrjain (087)

ThHB, BERD, [det/81,8, -+, 8v| = 1 LREoTBY . KHIMERS jijo -+ jy 71123 N OBEBAR S 1, A

e —1, FACRFEEDIZ0LRE1LTH 5,

K [ R 3-3) D o (A p90. > MiE p228)
by hZEVLEIIC, 11TH»S NITHETIRIE B LARVWDT,

det M = Z 61"4“7,\,\Hmiz\vBh‘,‘ "'BN'Z\MN+1/\, "'MQNiz\' (088)

L1577  HUNHIN 415" H 22N

%%, BIEN+1%125 2N FIETIZL2EDZ (Biy 225 Biy $TIE0). TDI N5, i1 225 iy T TOHIE
N+ 155 2N FTHRONDS Z 2127 %, Levi-Civita it BBH B DT, i1 225 iy TTHN +1505 2N FTHRL, BDOD
ing1 D25 ioy TR 1226 N ETOMHEL2ENRN (25 TRVWEEZ e 012725),

2N N
SF DA ES Z Z CEEED 2, MEFETAERIE
iy in=NA1 in g, yigy=1
2N N
det M = Z Z €iroivin ion B, o+ By Gy -+ Conay, (C.89)
e =N i ian=1
2N Xt N XJt N Xt

. —N " .
TH 20 BIB. €y oiyingrion & €iyemiy Cing oy PBRZHIIUT LW,
2N R N RJt N Rt

€1...NN+1---2N —€1...NEN+41.-.2N (CQO)

CiL BB iy ETCOWTED N +1286 2N £C|
BT bh s, L LSHHOBRETEDR ‘;“ o ﬁ‘f - < )
Ling1 22D doy ETORTFED 1S N T

o TWVWBDT,

2N Xt

EN+1---2N1---N [OPS 5 &:mﬁﬁﬁi\]\hg#’)ofll\éo
IEFZE S &

(=)~

2

iz = ()N ethgroanbsn = = (DN eron g1y (C.o1)

¥h5, 22T ()N N BEEARS —1, BEES 1 20T, (—1)N rENTBRAL I L,
o TRDEVRIZ (-1)Ndet Bdet C TH 3,
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* U;ﬁgﬁ:ﬁ%g 3-4) OffE ..., LR R PP PR R PP RR RS (IS p90. b ¥ F& p229)
1751313 cos® 0 —sin? 0 = cos 20 |L 2%, ZhAD sin(g - 29> DX =MABEK DR, sin @

55 hbrs, ) LOSH}
::f%ﬁbkﬁ%ﬁﬁ\2$@&7b»ﬁ$ﬂ,ﬁ£ﬂ(—E®§éﬁlf\:o@N7

M LD RS g —20) PEBBEHOBBICE LV LA, £ XS 2HEROTHIT S

Ybh B, ZAUIEGIH 1 CEHEA smG - 29) DFATIBIIGI & % 2 AU, SmG - 29) o/~ {cos 9}
2 .
KRB L IEMIETE B, 7 Lsinf
K [ I 3-5) D (B p90. ¥ FE p229)
T T
(B3.15T)DELD |y u[m AT
=5 p90 . 21
T y1 21 1
det |20 w1 A2 1 (C.92)
T2 Y2 22 1
T3 Y3 z3 1

Lo T (LfTHE 2THIFELVWOT) FHI00 &b, (3.157) i/ E N3, o2 SdFEHEL L. b 3mENST

— p90

1 T2 x3

B53) LiemTHs M | +M[m]+m ys | BRALTD, REVTFIRE 0 R 2, Ko TIZD3EEEZFEHD
21 29 23

HRERCk-Tw3,

e [T IR 4-1) DB (B8 p110. b M p229)

b2
AP Mx NATH, BA N x PiTAlZe LTEZ LS, B% ‘\7J & RE T

r/ Y
‘ (Z Alzl_)‘l,> T

N I

<

A A - Al — - ‘ = ‘

A1 A -+ Aoy ( (bz) T } ‘ Z Agib; | T ‘

AB o . . . . - — = { i | (C.93)

: : : : : N~ -

Ayi Az o Aun| | :

Thb, ZIRHENE MADORZ MUEBIREFATW b, OMIBEEROEP S, B BRZ FLOED Th,) >
Y RVRAN4 ]‘}Lo)ﬁiféé rank B KDEZ 32 2EH D 270,

N

G0N A% |G ||dy-ay|| ERBLEETS L,
N By B2 --- Bip Ve ~N ~ e ™
B21 B2z -+ Bap | \ (
AB = ||d; || a2 an . . . = ZaiBil Zﬁinz Za'LB1P (C.94)
U By Bwa -+ Bup U U J N J
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THb, ZIWXHENEZ NADRZ MUE A REERTWE @, ODMERBERDOELS, ML Z FLOED Td, @5
BN AR PAVDE] THB rank A IO 23D D 20,
K [ R 4-2) D (BT p110. &> M p229)

{é g} B 7AI_1B} - {é D—COAle] (C.95)

B AL, MIADOITHIKEEZ S &\

A B I -A'B A 0
det {C D}det L) I }:dec {C DfCA_lB} (C.96)
E/—/
B, RDIZVWADH B, 1
K [ R 6-1) DR o (B p156, b M p229)
(ipllzs
0 1 0 0
0 0 2 0
(C.97)
0 0 O n
0 0 O 0
THB, (1 = 22 o | KhErLEIBY
1 0 0
0 0 2 0
[1 x x? .. :1:"] :{0 1 2z - n:r:"fl} (C.98)
0O 0 O n
0O 0 O 0
b, ) 2RET 21798 TWB I ehbb b,
* [(ﬁ@ﬁﬁ%6 D) DB s (MR p156. k¥ ME p229)
© \/751nm1 m[cosmz Lo T, MRIZTONRY FMVEMOREETRHATERLRLZDT, N7 MLVZEMA
\ da
@ﬁﬁ%futm
2) ;l_g\/gsinm;r:m2\/§smmxéfiio"(f\ FRIZTORY P AEBAEDOT, <7 b AERNOBET L &4
dr2 \ ©
' -1 0 0 0
0 -4 0 0
B cEmysr, [0 0 9 0 heyns,
o 0 0 - —N?
* [JEE RS 6-3) @ﬁjﬁ%....“; ............... e (B p156)
‘/ ™ ( 0 l \‘\
(1)\P: B *ﬂ OHFFNE P = |1 Y| Thi, IhsEHiGr LB,
\ ) - 0
\_ -/ \\77 ﬂ //;
0 ! 0 1 d B
alla b][0 B ol [ab  Ba] -¢
1 0 {c d} {a 0}_ 1 0 {ad Bel T | &y o; (C-99)
B B
- 0 1| |« 0 1f,. VR a 0] ,. S PN
b, ZOPIX 1 ollo ﬁ rELZLHBTESLDT, 1 0 1 & BAEMA R 0 B 12 & BRI D SR

BoTWa,

233



R

7

(2)LP - {1 ﬂ }@i&"ﬁﬁubiLPfl - {_z ‘1)] THB, TNBEHES R,
- - 7 S

[
J

e | R R o

o a+ ab b
_[c—l—ad—aa—aQb d—ab} (C.100)
L7 5, ‘
( U1 sl oot L[1 =17 - s
@) P=|, _ | ommgpt=xl] 7 ‘“E?béo NS EHiRD HHD .
N\ J N 2 ,/
1M1 —=1l[a b][1 1] _1[1 —1]la+b a-10
211 1 ||le d|l|1 —=1] " 2]1 1||lc+d c—d
lla+b—c—d a—-b—c+d
*§{a+b+c+d afb+cfd} (C.101)
Liz5,
K [ T 7o) D o (FEE p187. b M p229)
[ )]
FIM) = (M = 2I)(M — 21) =(M — 2I)g(z, M)
FIM) =(M — 2I)(M — 2I) + (M — 2I)g(z, M)
FIM) =(M — 1) ((1\/?17;1) + g, M)) (C.102)
V"
7b§b75)5o Eiﬂ@ h(’,’lf,M:) e Wax,M) &L
Rz, M) = ap + a1z + aga? + -+ ap_q2™ ! (C.103)

o CRELEELES,

T 2 ICRIEL R WA S, G0 2 ICHKIELEV, WS 23 EFHUD 2 ORERDE (2" OHE) —rlan_ 12" 1 &
0BOT, (an-1 =02 R5, CABDR7OT, KORIRTHS 2"~ OFUE —2lan 20" > LB, [an2=0 2
KB TNERDELTOHIERTO 0,130 L&D, R fM) =0 pFR %,

K CHCBIEE 7-2] O . o BT TSR R USRS (oo p187)

C Of75 [‘C‘ ﬂ DRI

(a=A)(d=X) —bc=X2—(a+d)A+ad—bc=0 (C.104)
EheIhhs =P
a+d=+/(a+d)?—4D
At = 5 (C.105)

28% (A +A_ = a+dIKER).

SIEEEES R BEERY FAEEZ VDT, ERIR S (o +d)? — 4D = o]@igé\cirsémm%zn\: 5,

{a 7CAi . f)/\i} T =0 (C.106)
Dfr LT,
Uy = {a __IZ\J BBV {d __;\i} (C.107)



B2 FEBE LW, EEENZ b

(We)" = —c a=Ai| HBVIE [d—Ix —b] (C.108)

Thr, OWERBLbAZEIIC, [b=c/hd CHFTIIRS) HEERZ ML EEERZ MUE—HT 5.
LITROFHEICBWTIE, A D2XBHERNE ST THZ2 W) OEEERIRILITI,

Wy T =—bd—Ay)—bla—A_)=—bla+d—Ay —A_)=0 (C.109)

%o T, B, w- - Uy BEEPHEICRZZT20T, FAKICERT %,

K B R 7-3 D (B p187. L M p229)
1 1 _
X -7 0 0 0
AR
0 - - 0 0
A A2
1
0 0 — 0 0
) (C.110)
11
0 0 0 - ——
A I\Q
0 0 0 0 —
L A
CFPHETEZ, IUAELVWI 2, EBRCHIBELTAZ LHEIPDZ I ENTE 5,
e [ IR T-4) DB G . (L p187)
1 2 3
0 1 4 | IZ2oWT,
0o 3 -3
(DFetA
1—=x 2 3
det | O 1—z 4 = —(z—1)(z — 3)(z+5) (C.111)
0 3 -3 —x

20T, EAEIZLE 3L =5
2)EERY PV OZEBEEZEZZ7D, M-I, M -3 M+5I2&EZ2TEL L,

0 2 3 (2 2 3 6 2 3
M-I=1|0 0 4|, M-3I=|0 -2 4|, M+4+5I=(0 6 4 (C.112)
0o 3 —4 | 0 3 —6 0o 3 2
1 7 [_5
THs, ThrbEH~Z bR 0 @AM, | 3| @EHE3). | 5| @aE-5 034TH5,
0 1] | 3
(3)Cayley-Hamilton ®EHORA3Mi7 E 412124 (M — I)(M — 3I)(M + 51) = 0 [k BiUE X\,
0o 2 3 -2 2 3 6 2 3 0 5 106 2 3 0 0 O
0o 0 4 0 -2 4 0 6 4, =10 12 —-24||0 6 4(=1|0 0 O (C.113)
0 3 —4 0 3 —6| (0 3 2 0 18 —36_ 0 3 2 0 0 O

5 b,eHEBLHDH 0 TRVEDS, ZOZDRLAITERY PARRLZDT, ¥H502E-TE &KW, {b:oi\@i%/abi (C.104)
BBy a—ApBd— Ay EBLDD RS, [a— A =025 (BB DEORY MABTITE>TLES (DT
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D XS5 R BARWEHECTHERETE %,
(4)\‘\14(;1:\,)(;17 —3)(x+5)+ Ba)(r—1)(z+5)+ Cla)(z —1)(z —3) = 1]&:72{ 5X512F %, A B,CHEBLIZ5MEE
EZ 3 N

P2OFRBH»S A+B+C=0 (C.114)
x DR S 2A4+4B —-4C =0 (C.115)
ERCE»NS —15A+ —5B+3C =1 (C.116)
. 1 1 1
LBD, BAE A= —— ,B=—.C= —sz@éo
U 12 16 48
M-3I M+51 M-I M+51 M-I M-—3I

L [-12 4 9 0 4 9 0 9
=——| 0 -12 16|+—=|0 0 16| +—|0 0 16 (C.117)
121 ¢ 9 —12| 16l0 9 —3g 0 9 24
v v v
FEHE 1 ~NDH Elﬁﬂﬁ 3 NDHHY [EHE—5 ~NDHH
11 1 T
b, C:“E[—E+1—6+4—8:O‘%f§9 Y. ZO0DITANCRICBEN A > TWBE ZARRELEICED 025,
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InEfES e,
L[z 0 o (oo o 1o 0 o 1 0 0
=——| 0 -12 0 |+—=]/0 0 0|+—]0 0 0|=1]0 1 0 (C.118)
121 ¢ o —12| 16j0 0 —s| 4o 0 2 0 0 1
L %o, MDA L 72 o 7,
1 1 3
XKz, |20 =3 IZOWVT,
1 -1 0
(DFrERERE
1—x 1 3
det 2 —x =3 =—(:11—2)2(:15+3) (C.119)
1 -1 -z
DT, EEMEIZ2 L3 (2DFEEEE2),
Q) MLEBERZ F L DM EEZ LD, (M —2)2 ¥ M+3%2E2TEL L,
-1 1 3 4 1 3
M-2I=|2 -2 -3/, M4+3I=|[2 3 -3 (C.120)
1 -1 -2 1 -1 3
r
6 —6 —12
(M-20)2=|-9 9 18 (C.121)
-5 5 10
1 6
ThHb, ThroEEMHE2 DEERZ bk (1|, BEE -3 OEEXZ MU | —-9| TH3, EEMHE2 1ZEHEE 2
0 -5
S
BOT, (M- 205 =0 e (M~ 20)5 £ 0 TBBR27 ML ERT Y
-1 1 3772 1
2 -2 -3|lo| =1 (C.122)
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1| AP a VRV,

0

(3)Cayley-Hamilton ®EH DK A7 X 21213 (M 4 31)(M — 21)? = 0]2 ZAUVVH, ETEHE LS (M — 21)?

ERZELPIC. M43L2HNT 2L 012k 3RY FABNATHS, ZHT Cayley-Hamilton O EBLD A7 A HER
TE7 i
(4)“\14(’,1/‘)(211 — 2)2 + Blz)(z+3) = 1/“}&%@_0

2
BEO» S, [0] —
1

(r =22 —2(x+3)=—Tor+4
(=22 —a(r+3)=—T(xr+3)+25
(z — 2)2 —(x4+7)(z+3) =25

1 1
— (=2 - —(z— x =1 12
(=2 = S (=T +3) (C.123)
DESITFHET 5,
1 1 6 —6 —12
2
—(M-2*=—1[-9 9 18 (C.124)
= Bls 5 10
1 1 19 6 12
—— M-7(M+3)=—19 16 —18 (C.125)
25 25 5 _5 15

YioT, TD2ODMNIHEDICHMITIIE 725,
INORHEHETTH S L ZHERLTBL &,
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