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ZOMT (G2 note) 1& TRUBARE 10, TH EEE , TRURRE 2, , TH EE) , THIBR
¥3), TRYBRE 40 OERICER LD OT, Bk, FEPREOHBZETEHLTE L
[M1] 225227 ) 8% 2\ 7 CTh T, [M1] & ZDILKAR [M2] D N7 @ F51k % BET 12 HL
DANTHS. HL, f#EEOSTEHAIEE T, T Z LIBT3 1 XTRAEZ ISR
Thb.

F 7z, SOMTE, AR EIE T AT ECARIO 2018 4R E 2019 S OFZEAICHEL 2D
D%, WRTICD LM L 206, BIEZ NN D TH S, MEHEL 2N DEE IS5 »
HRAMEE, Z O note DHFEICE L T INE DL PEDARIAIEH L Th 3.

HERE 1) S TRIERE 4 OB L ZONGRIZLLTOED -

— HITPOEAFEET - TIPS 1 RO T
— BEDO FOEEHEET oo TS 2, RO T R
— BT ENILEIEET TETEL 3

—. 10 EHASH 11 HET e MEL 4,

SIRDH 57413, T 5ITHEA T,
—. 5 12 TED Hermite Z2f] & IEHATHID unitary 75112 X 2 WL
ZAET 2L, SBROBFDOFPEHIHRTHS ).

DIF, 56 BEUTDI EIOWTIRRS. TN TIRIEBEORZ FHEURPEERMRE LT
7o, BRIEARECEIZZ b 2 bR DR Z MBI L THEEESINTH S, —BDIERICOWTHAZLT
Z2LE ZIITHROVIEZERLCHMETZ ZEBRUTHS. LL, BHHIZZDOMNLHR
IR 2 DIHHEED SN\ DT, FICHBSRPER LG 2 DR L Lo, Lido%HE
e N

8 BTSN NI T DN Ak, EBEEEICEEDZ ETHE. TN DNE
12 ke 2 itz 05 2 LT HHEBEZ S THS ). F 10 HTIE, BOHID
T2 DI, MIBEMI G~ 5 17z vector ZE[E% , Z DRIEELUIIG U 723 =20 3T 5 2
&, BONZEME, W22 7 EDREARFIHZ 5. 5 11 FE Tl Jordan BHE LW IEN S b D%
AR U, BT AR TE R WITH O 1 o TH O T, TiUT Ly, BEEaE
ML %5, Z20H &, 12 ETIIHELAE LT LIEONEDOHLITH 5 Hermite NHE
%55 0L IEBATAIO unitary {75112 & 2 X MAIC D W THS.

P Hi RO EREOFHERMEIC O W T, KAXDOMBD 72 DI L WHlick 2 b D%2EAT
H 5 DT, BEMITIZED FHA THTEL .

TEIUL, 2 RIBERCOWThH, COHEBICE D IAR T DO, mE e LT H DT
IO k72, F72, Jordan BHEIZ ORI 2 TR 20 CHYSHRTmE A TTR S
B3dh s, FELIE, L EANIF[S2] DF 6 A LRI,

NI



EEXM

[A] AR #F . BEABOM, 1974, BOEXIE

M1 =5 #E & . AFTRIZAEL, 1991, B EEH

IM2] = lH % - #EREEE — 9506 2 a V& VERE~ — 2008, 5
S| #esk—EF 2 EABUE BesEd 1), 1974, LE3E5E

[S2] ZEE IEE # « SEUMREART (EBEECE 1), 1966, BEUR YIRS

K] Rl X 3% . EEREUOERMY BEAMe ) — X 3), 1982, FHIkFHIM

EEXNGES

Z D note T, W DOFEZ LS

N....... H®RE 1,2,3, - a)éﬁg’

Lo BRLDRR,

Q ....... ﬁ}%ﬁ@éﬁg

R-----.. %ﬁ@é{zﬁj

C.--- - BREEOEE

i BEORNL. (G RBBFTFELTEHT 20T, SHEXBIT S 712 bold-talic {4 7% i)

HBHC L, ZOWOHEA A, BIZOWTANBIZ BIZEI %R\ A DILDOLKE2EERT 3.



B X

F1E H#HRY 1
Ll BB DRI 1
12 BRI o 3
1.3 I 3
1.4 de MoOIVIe DN 4
1.5 de Moivre D/ ARUC & B 2 T TR D B 5
1.6 B D e R T 5

£28 175 6
2.1 AT o T D AR T 6
2.2 AT B T B 11
2.8 AT D 17

£3E THKX 21
3. B I 21
3.2 ATHIRDITERE EPEE (1) i 26
3.3 ATHIRDIEZ E VB (2) oo 34
3.4 BT E AR T B 41
3D T 44
3.6 CraIMET DN T oo e 46
3.7 R D T 47

$F4E 3 X Euclid ZMICH T B 8ME 50
4.1 3 RIG EUCHd 2R oo 50
4.2 NI R D R R 52
4.3 D vectors DM B oo 53

BH5E EI 1 RAERX 54
5.1 AT BT 1 TR 54
8.2 R I 58
.8 I T A 62
5.4 T 1 R I E  C 66
5.5  (HlRR) fTHEAREIE 2T DR TR T L 74
5.6 FRIC & B T o O R oD T 7

8£,6E Vector M 80
6.l R 80
6.2 VeCtor 2 ] & T . . . 81
6.3 LRI & L RO 84
6.4 R L R T B 86
6.5 B T o 91
6.6 IR R T T 94

BTE REEKREEEZER 95
T BRI B 95
7.2 Vector 2 O Rl 101
7.3 R B R D R Tl 102

T4 R Z DB T 106



7.5
7.6
7.7
7.8

£8E
8.1
8.2
8.3

BoE
9.1
9.2
9.3
9.4

F10E
10.1
10.2
10.3
10.4
10.5

F11E
11.1
11.2
11.3
11.4
11.5

F12E
12.1
12.2
12.3
12.4
12.5
12.6

A fE, A vectors, BIAZEM, AR 109
— MDA DREIEE, [HA vector, A ZRM], FIA TR ... 111
T D A A 113
Cayley-Hamilton DIERE ... e 119
AEZER 121
B 121
T A & T T ] 125
TR T I D R e 128
2 REpFRE 2 REAmE 133
Buclid 220 & A B I .. 133
2RI D R B T 134
2 R D 135
2 I D 137
Vector ZEOEM & R/NZIER 139
Vector 22D TR ZEMINT & BIERIIIR e 139
TN T 142
L e R T T 145
LD TR EAT TN DR . 147
FEATH (BHEATA), BT, BEBTH 148
Jordan 1Z#ER; 151
AT ] 151
JOrdan B T 155
B 159
Jordan e 12D\ D R 162
WO FRER DA D Jordan BEdEE D I . 163
Hermite ZE[ 164
Hermite PAR .ot 164
T A ] 168
BRI B T 0 169
Hermite 282, Unitary 888, IER A 170
T 173
TETBAE Hermite T2 oo e 176



BIE BHRY

Z I T, FIRTHARERBZ MR L, 2 ORARN LR IEE 245

1.1 #ERBOER

¥, 2 DOELDOMD LK%
C={(z,y) |z eR, yeR}
Eidl, SNOHEFEZ a= (a,b), B=(c,d) DIRIZEL. WE, a=(a,b), = (c,d) ITXLT
= b+d
(L.11) a+p=(a+cb+d),
aff = (ab — bd, ad + cd)

EEDD.
—ii, BE AIOWT, B
o AXA— A

PENGNTEE, AT EHE o PEZRI N, Lvidng. XOZ i, fHICifE»rD N 5.

M 1.1.2 £4 CIlonT, EORWTF TR 7.

Co Fo (111)DznZzhd C o 2 MEOHBEZED . Zz C D gk, FiE LI

& INGIZOWT, ROMWHE C1~C9 &7z I N5 :

(TRUCBWVT a, 8,7y € C BEBEDILEERT)

Cl1 (IEICET 265G H) (a+8)+y=a+ (B8+7).

C2 (IEICBIT 2 58HAf) o+ 8 =6+ a.

C3 0=(0,0) ¥ MEICBAT 2 Hfon EMFIEN a+0=0+a =a Zifi% 7.

C4 % a=(a,b) ITNLT —a=(—a,—b) 1F KB 2350 £ WE a+ (—a) =0
% i 729

C5 (EICBHT 2456H) (af)y = a(By).

C6 (FEEICEIT 2 5KHutl) af = Ba.

C7 1=(1,0) 3 FEICBT 2 AL EMEN al = la =a Zii7T.

C8 % a = (a,b) # 0 ICNLT a! = (5%, oop) (& BECBIT 2000 & IFIEN
aat=ata=1%Z77.

C9 (M) (a+ B)y=ay+ By.

1.1.3 LoMEICBIL T (0,1)(0,1) = (=1,0) £ %5 I L ZRE.
((0,1) 2% BECHAL 4 1B L, ZOBIRAD 2 = —1 i d 5. )

114 ED1.1.2 DFEREZIXTCHERE L.
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ZDFETIE, D&, FRICHi o e wR D, BEE%E o, f FD Greek XFTERRTS. £/, C D
IC (a,b) ZEEDOFEIET a+bi EFHLS. DFD

C={a+bi|a, beR).
KT, (a,0) =a, (0,b) =bt THH. EFEH a=(a,b)=a+bt IZHL,a % a DFEHK b%Z a
D RE E .

a =real(a), b= imag(a)

LY. HEEBOIHBRREEIL a, b, x, y 7 ED alphabet TERTS. a=a+bi € CIZRL
G=a—bi EFRL, 2% o O T (T3 HEBREER) LR 8 alda+0i kB8
FREEZE~D L EBICB T BVUAEE I EFREE L COVIHEE E — T 2 (>0 X) 2
5, ERER R IZZDHEFDLIAD T C OFIES L BT,

EEHMEBE 1.1

1.1.5 ROEFEK%Z a+bi (a,beR) DIFITEE.

4 —19i 7—8i
5—2i 3) 214

(1) (34 42)(2 — 3q) (2)
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1.2 HERETEE

CDILa=a+bi % a OMEZHEE (i LIER) IS0, b OEZMEE (Bl &IP3 12
DLFH EDOKRELTRTIET, COBILIZZDOWH EDE 1R 1 ICHIRT 5. ZOkkxR
i (X 1.2.1) % HEERCEHE & WA

Re Re
b ea-+ bt b i &
\OL\V“_ e
Im il Im
O a O a
1.2.1 1.2.2
1.3 ®BEX

EEBFH ETHES O 225 a=a+bi TTOHHE, IS Va2 + 02 % |a| = |a+bi| EFH0T
o O ffxdE LRSS (K 1.2.2). =AEBOWEDS, a+bie CITHL,
o= " o= "
T g T agp
L5 0 eRVFETSH. 2% D
a+ bt =r(cosf + isinb)
ZDFRZ a+bi DIERIC X 2RBLEMRT 2. 20 0 1FEELCFHICE T FRDP S a+bi
ZIO TN 2 FEMDS, ElE 2 TAHEIMAR S B\, 0 2 a+ b D fEf (argument) &
T,
0 = arg(a + bi)
ERINT B,
BORMERLERR  ZACEH]
(a+ bi)(c+ di) = a(c+ di) + bi(c + di)
CHEDSHEOERZEET L. ctFRFERZTLCLHES c5THS. i 1513 i(c+di) =

—d+ct ERZDT, SHUIERPOLOME 2 olliich s (M2SH) . o7, Zns ofl
3 c+di ZEEHOIC Va2 + 02 5L T, arg(a—l—bz) ZMEE L 72 b DIt 5.
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§1.4

Im
a(c+di) + bi(ctdi)
bi(c+di)
i(c+di)
bi a+bi
a(c+di)
c+di
Re

a

BOSEBAN Mol bz THSELIL

(1.3.1) r1(cos by + isinfy) - ro(cos Oy + isinby) = T’1T2(COS(01 +65) + isin(6; + 92))

L%, THUL, ZAERBONMEARZ ENIRINS L, EORMANERDP S5 & bwv

5. ZDHE R ZARBOINEARDEIGHI 5.

HEMBRE 1.3
1.3.2 XOEFEE = MmERICEYE.
(1) 3+3i (2) V3 —4 (3) =31

1.4 de Moivre QLT

ZOXTri=ry, 0, =0, 34X
(r(cos B + isin 6))2 = r%(cos 20 + i sin 20)
25, 612 (1.31) Tri=rirm=r0=200,=0 L 3T4iL
(r(cos 6 + isin 0))3 = r*(cos 30 + i sin 30)
D, RRHINCE T, BB n 122W0»T
(1.4.1) (r(cos@ +isin6))" = r"(cosnd + i sinnd)
WREND. TORE n PEEIOVLTRLT 2. B2 r =1 054

(cos@ + isin )" = cosnd + isinnb.

f1.4.2 TEOEE n IZDWT (1.4.1) BHRILT 5 2 & ZRE.

HERRE 14
1.4.3 XROXDfE%Z KD K. (Hint : BIHR~DOEH L de Moivre DARZFIAT 2. )

o (=" @ (—‘”f’:)gm 3) (%

) @B VR
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1.5 de Moivre DARIC KD 2 HBAERDEE
HANSNTEHE o =cosl +isind 1220 T, 2 DAFER

Z =«

1 0 2k 0 2rk
z:\aF(cos Z 4 ) ddsin (- 8 ) 0<k<n-1).
non non

EERME 15

1.5.1 HFER 25 =1 ICBIT 2 RDMIcE~ k.

(1) 22=-1=:-1)G'"+22+22+2+1) TH 5 L2IfERE X,

2) S +2+24+2+1) 2 t=2+1 DHLHATRE.

(3) (2) THRoNLLHRXZ f(t) £BL. f(t) =0 OfFEZ RO K. (Hint : 2 XAHEROMOAN)
(4) 2° =1 D% T XTRD L. (Hint : 2 KABRROMDAR)

DfFIZ

(5) cos® & sin 2 DOfEZFEBOPUH] & FHRTH > THRE.
1.5.2 RO ITFEA 2 BR B HPH TR T .

(1) 23 =8¢ (2) 2t =-16 (3) 2°=-1

1.5.3 W n>01220T, ROZEXDHR DT> Z & ZEFHE L.
n—1 .

H 21 sin (2‘7—7T) =n.
; n

—

1.6 R¥FEOELXTFIE

EE1.6.1 (REFOREATEMH) ERICHAE n & ag, a1, -+, a, € C BE~NSNT L
L I Tan#0ZKETS. ZDLEE, AEIC 2 ICBT 2 LHA

f(2) =apz" +a12" ' 4 - an_1z +ay
I ClizBVT n il 1 RADKICHET 5. BIE, Ay, -+, N\, € COFEL T,
f(z) =ao(z = A1)+ (2 = Ap)

&% 5.

ZNDRPIDIEHIZ Gauss DN L THE NS 17z, Gauss HE DKL At G~ 03, Z
DI S K DITEDBH S NT D S, EDIES, GASN7RETTHRK f(z) =02 C 124
CEH 1 20EFEM o ZRICKOIEZANT S, Thdb f(2)/(2 — a) =0 DEDHED
HMonbDT, H EITFMISHED I X v, &b FERNNZRFEH I, Newton 752 B ERBCHHITfT
ST e ERIEINS. UL Weierstrass IC K 5. TONIERE L, FEICGHERTIELMEZ KO
L2 EMTES.
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2.1 fFHICDOWTHOERWEIE

TODEE m & n ZHRBET S mxnflDOE a;; (i=1,---,m;j=1,-,n) ZXD
BRICRIGIIHEART [] £7213 () THO 75D %2 m 17 n DT m x n BOITH, m x n 17
G, (m,n) 175072 £ L v s,

ay; Q@12 - Aip @113 Q12 - Aip
a a aon, a a Aon,
A— .21 ?2 2 T 21 22 2
Am1 Am2 - Qmp Am1 Am2 - Qmnp
CWMAT ay 2 (i,5) By E\wss. 115 A OO
[ail (075 ain] (i:1,~-~,m)
ZADITEVD, E2oF 147, B 217, -, BEm ATEWNES. 72 A DT DHEDI O
Qa1;
a .
:QJ (] = 1a' 7n)
Qpj

Z ADH VO, ESH 1A 8 250, - 5 n Fll LS.

Fof15] A ZfEERICEL 5T
A=Taij], A={aijlmsxn, A=ay], A= [a;]

mxn 1<iSm
1Zj<n

ZmELERLT.

THDHEE 2 >DfF A £ BIZOWT, BB LTAHT, BTN ENS KT B L &,
ZOEEIZRD AL BIFELWL WO, A=B LilT.

TIDES WA TXTRIZEENS m x n BiTHDO2MEE Mat(m,n,R) L5017, T
TORITIVFEETH 51750 % FATH] LS. D EAA, KD CITEFNS m x n BfTHID
RI3 Mat(m,n,C) LRSI N5, WITDBMEHEBTH 51751 % HHETH] LS5 £/, iTOH
ENDEDYE L WAITHZ L1701 W, AT EIDED n TH ARG FEEZ KT & T 5IES
frolo2kiE Mat(n, R) = Mat(n,n,R) R EERT I E LT L. TXRTDORTNBFEETH 51k
BT ATH % FEIEGAT EWES. § R T DR DMEHRET H 51k 7% 1ET51751 %2 H3RIETi {151
&S
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TITH 2TOETH 0 TH 2175% Z75 £y, O TERT. FET51IZ, —icizsoheR
DHRTZ DRI 2 WL VD, R ZDMZR L 72w e & m x n BMOFETHZ O,,,
mEEECRITnxn BMoETHE O, EFHSZEITT 3.

fl2.1.1 2x3HDEFTIE 3 x 3 MOETHZETIZ

00 0 000
O=0y3= , O0=03=10 0 0].

=0 o o] s
000

IEFTTH ATOERETNDEDE L W 757% I8 & v, FFIC nxn 1751% n X (1EJ7) 1151
L. n KIEJT1TS

11 Q12 -+ Q1p

Q21 Q22 -+ QA2p
A=

An1 Ap2 - App

DD I L, EED»SHTANDORNAR I ST an, aw, -, ann %2, A O NAKD
EMES. IESFATAITH D THARDT AN DRI 34T 0 TH 2171502 HAfTH] & v X
AATH A = [ay] TI&, ZORNMEITD B SIHIC a1, as, -+ an, DHZFHLTA =
diag(ay1, age, *++ , Upy) LT T EDIH 5.

$l2.1.2 XofFFlizEND 3 RONATIITH 5.

2 00 00 O 0 0O
0 3 0| =diag(2,3,4), |0 1 0| =diag(0, 1, —1), Os3= [0 0 0| = diag(0, 0, 0).
0 0 4 0 0 —1 0 00

BH1T5 NARD42T 1 T, Z0UNDEIT 4T 0 Th 2% IE5175 % HibifTdl &
WO, (B TIEARS) T TRT. RICRBZIHRL7wE & n KEMTHZ 1, £HL<.
Bl 2.1.3 3 XRDOHESATHZ BARNICE  ERDIRICK 5.
100
I=I:3=10 1 0.
00 1

Scalar 175 SR DA TE L Wlai751% , scalar 1751 & 5. S HAFTHIIE scalar £7
ITH 5 L, FETHS, Z00ETTTHITHIUL, 13D scalar {751 TH 5.

Bl 2.1.4 XDOITHZ 3 KD scalar {791 TH 5.

2 00 -1 0 O
020 ], 0 -1 O
00 2 0 0 -1
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EREBITI 115 A DT 5% ANEANTAT9 %, 175 A DERETH E WO, PA EES. A DS
mxn I THROIE, A lx mxn T THSE. Ko TECL

aji; Qa2 0 Qip @11 A21 -+ Gml
ag1 Qg2 -+ Q2p . a2 A22 - Am2
A= — . nold A=
Am1 Qm2 = Qmp A1p A2n - Qmp
TE@%A:[(IU],IEA:[Z)”] é’.§<k bij:aji ’Cf)b,tA:[aw] &tf%)
15i<m 1<j<n
1=jsn 1<i<m

f12.1.5 FEEDITH A1oWT ((PA) = A DR D LD T & &R
Bl2.1.6 HRETIIOH.

1 3 -2 b4
A:[ ] ol A= 35

4 5 2
-2 2

1T vectors, 3l vectors 1 x n f74% n X 1T vector, m x 1 {741% m K ¥l vector & 2.5, 1T
vectors & 1l vectors 28 L T $X vectors & W33, FROTDIET 0 TH A% vector % 2 vector &
WO, 0 TERT. 1 x LT, BER—HT 2 I L% 0.

1
Bl 2.1.7 [5]u3ﬁ®ﬂwmm[o201]u4ﬁ®ﬁwmm?%%.
3
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HIRE 2.1.8 1741
-1 2 6 —4 5
A= 3012 0 4
14 0 71

IR L TROBICE L.

151 A O %Gl

1901 A D (2,1) BT, (3,4) By it

3) 1791 A O 2 17, 5 3 Fl %5l

4) 1751 A DERIEFTAI PA &R

BB (1)3x5M.  (2)(2,1) KTk 3 T (3,4) kol 7.
6

—_
~— — ~— ~—

o
(
(2
(
(

(3) 247X 3 0 12 0 4. (4 FE3FNF | 12

0
(5) BEATHIZ
[ -1 3 1]
2 0 4
tA = 6 12 0
-4 07
| 5 4 1 |

Kronecker @ § DETEFRINDELT §;; 2 Kronocker @ 5 & 5

o 62
] T . .
0 (i#J)
$12.1.9 Kronecker @ § Zflis & H {474 I =1, %=
I'=1I,=[0;]
1<i<n
1Sjsn
ERE 5.
$12.1.10 ROELFEOTbH S -
010
[5i+1,j] =001
1<i<3
15553 000
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EEME 21
-1 2 0 —4 7

2.1.11 A= 0 3 —2 2 —5 [ 2T, UTOMIZE~L
9 -8 3 2 -2
(1) A@ﬂ‘”%?:‘aﬂv_‘
(2) A D (2,4) Borixfie.
(3) A D 2 fT2GLE.
(4) A D% 3 4% EE.
(5) WAEATHITA % FlE.
2.1.12 (i,5) RAVBKTE~NSGN S 3 X7 A =[a;;] ZHZ M E.
(1) ay = (-1)"" (2) ay = (-1)'0;
(3) ai = i1 (4) aij = 0i4—;
2.1.13 RDITAND (i, ) BT a;; % Kronecker D § %\ THRA.
(001 0 0 0 0]
1 000 1 01 0 0 0
(1)A:0200 (2)A2010100
0030 00 1 0 1 0
000 4 0 00 1 0 1
000 0 1 0

2.1.14 ROEXZ W7 THRIC a, b, ¢, d ZED K.

¢
20+1 c+2 5 2c d a—1 2 a
(1) = (2) =
3 4 1—-b 7—d b+1 1 2b ¢
2
a 2 -2 -6 —18 0
(3) 0 b—2 3 = 15 33 —6
c+2 2d 1 15 —6 15

2.1.15 IEAFITH A X TA=A ZHicd EE, NRTH EWEEN D RTINS FRITHINIC
%BERIC a, b, c ZED K.

1 2¢+1 3 2 b—2 1
(1) a -2 ¢ (2) a 3 ¢
b a—2 0 b—2 a+1 5

2.1.16 EAFH AlE tA=—A % TE S, ST EFENS. HL A= [q] IR L
T, —A=[ay] EEDD. BAFHIORAEEET 0 TH S L &2RE,

2.1.17 RDOITHNDEARATINC 2 BHRIC a, b, ¢, d ZED K.

0 2¢+1 3 0 a+1 -1
(1) a b—2 ¢ (2) b 3—b d
c d—2 0 1 ¢c—-1 ¢

2.1.18 N#TIITH D, D22 AUTINTH 2 MR fTHNIIFATINCIR S 2 & Z2mE.

10
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2.2 1THIcCET5EE

IO EE 2 DOITIIDRIN BT 2 L EDH, 26 DRIDHEEE I £ X O 2 LU Dk

ICERINS.

A: [aij], B: [b”] 0:’)11)‘( A—FB:[CZU—FZJU], A—B:[aw—b”]
1<iSm 1<iSm 1<iSm 1<iSm
1<j<n 1<j<n 1<55<n 1<<n

Bl2.2.1 o o
1 -2 8 . -2 51| | -139
2 5 —1 3 -1 2| 5 4 1 |°
(1 2 8] [-2 51| [ 3 -7 7
2 5 -1 3 121 | -1 6 =3 |

75D saclar f& 771 HETHXR D vectors IZXHEL T, D Z & % scalars E 5. A DS
1T790C ¢ D3 (scalar) DEZ, AD cffcA 2 ADETDRIT%Z cfGTHILTERT S.
(DA F A+ (-1D)A =0 Zili7z7. (DA 1F -A LbFEIPNSE. AL BPFALCMELIT
A-—B=A+(-B)=0 Th 3.
$512.2.2 LPATFIZ scalar f5DH %R~ T

3[1 —2 8 :[3 —6 24]7 a[z 1]:[2(1 a].

2 5 —1 6 15 -3 4 3 4a 3a

TDE LoflikZ > TTHIOREIZOWTIERS. 2 DDfTFl A & BIZDWT, A DFD
BE BOITOMBMBEFELWEE £ZDL ZICRD, 206 O EMIXN 2B DDLU DO
TEFEINS. V¥

A= [ay], B=[bj]
1<i<m 1<j<n

DOREIIRDEEIC D - 1sj=n 1<ksr

n
(2.2.3) [aij] [bx] = [Zaz‘jbﬂc]'
1<i<m 1<j<n P
1sjsn 1<ksr 1<i<m
1<k<r

ERIE, mxn DOITH A & nxr BOITH] B LD AB ldm x r BiZ7 5. 1ET51751 A
IZOWTIE AA = A% AAA = A3 FLEET.

Bl2.24 79l AL BIZOoWT, INODE AB BWHEAET 3L E'B L 'A D 'B'A b7
fEL,
tAB='B'A

DD LD, TERE.

ERE 2.2.5 150 %E 2 ORRICED ZHHIE, BIPEHROEBITII L 2 DDEIEEHRD AR
(FFIZ 7.3.6) IZDWVTHEAL EZICHS TR B0, StEDHEHD DI TD 2.2.8 ITED
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HEDENLND T ERBRTELD.
£ 00, OB DR 2 > DhR T

Bl2.2.6
31 0
2 1 -3 11 —10 —4
2 0 -1 | =
[1—5 2] [—9 9 7]
-1 4 1
Bl2.2.7
1 1 3 2 1
-1 |[132]=|-1-3 -2, [132]]-1|=2
2 2 6 4 2

Bl2.2.8 {T9DfEIE 2 DDERDFEL EEBEANTHLHRLRL D TH S Z L2BITRT. 2 %
% 2 MEOKTHE (F&2) 2KEhT, 2 EircofEiiss (Hotel A & Hotel B) T
FEOMEINCIEAT 2 AEBUIER 1 o) Th 5. i, FEALOBREOFH LD 1 Ab -
DoOR&IFFE 2 DY THDET 5.

2
. # 1 - - Hotﬁ A | Hotel B
single | twin | triple -
= 10 % 18 SHH§6 10000 12000
=Hli 7. 9 5 1 tv.vm 8000 10000
CIN triple 6500 “8500
(B F/N)
ZD22DFNPG, 2 DOEALITHDSRENGOEEH 2HE L MR TH 5.
#*3

Hotel A | Hotel B

AR | 393000 | 493000

FFHE & | 395500 | 495500

(HAz F)

WE R R, B3DZENZNZITINCLbD%Z2 A B, C £75%. HIb

10000 12000

10 22 18 393000 493000
= , B= 8000 10000 |, C =
9 26 12 395500 495500
6500 8500
£9 5.
10000 12000
10 22 18 393000 493000
AB = 8000 10000 = =
9 26 12 395500 495500
6500 8500
EOThA.

DIM1], 1.2.5 Z2&#&I L 7.
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THDRERICEATIER 1THIOMHEE S HUOHEHE L [FH URBMEEZE O, XD 2 DDEDH
bH5b.
(1) 2 2D1741 (A, B £ 5 %) O, 2 BMOEFEIZ WO TH TE L2 TIERL, ITNS DN
WP TEL0ICIE AL BORICEHELDS.
(2) 2 2DfT5 (A, B £3%) D AB & BA X, bLINSDOWNTOHENITELE LT
b, —HT 5 LIFRS Z0.
W UBDIESTTI A, B3 AB=BA Z§i7- L&, AL BIZAHATHL Lwidns.
NS OFEEHEL, DElH R E D B ORI D O MWE I, ROBRIATIRHEIZ DWW T
bR 0. GEINC T 2 O EEMEIC L Th 5. 2 IHIfHICH?» O 5N 5.
MOWE A+B=B+A A+0=0+A,
(A+B)+C=A+ (B+C) (MDOf5EHE).
BoWHE AE=EA=A AO=0,0A=0,
(AB)C = A(BC) (B, (2.2.19 )
Scalar fif 0A =0, 1A = A,
(ab)A = a(bA), aA)B = a(AB).
Al v a(A+ B) =aA+aB, (a+b)A = aA + bA,
AB+C)=AB+ AC, (A+ B)C = AC + BC. (2.2.17 )
ZZTA B, CITHITHDY, a, b ld scalars TH 5. FERIIMLOBHEIEREZFFO & X
IR T D 32D,
ME L OEOHEHRZM A S L, n HOITH] Ay, Ay, -+, A, IZH LT, ROV 37D,
(3) Ay +Ag+ -+ A, BTRTD A, OBPELFHUZEE D, AEZ OIEFICHRIZELS
MER I DS 2o,
(4) A1Ay--- A, BEED ASTIIOBENEND AL GITEF D, £ H5R L THRTRIZFE
CThs. FICADPIEHTNESIX ADERE n ) An=AA-- - ADEES.

n
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= EME 22

2.2.9 ROITHDEHEZ FiTd K.
5 1 o 2 3 -2 2
1 0 -2 7 2 —1 31 -2
(1) [1 5_2] (2) [ ]
1 1 3 4
9 01 273
3 [31 2] -1 (4) 00 1
4 000
2 3 —1 0 5 9 -1 0 1
(5) 05 4 3 -2 8 | -2 3 2 3
-1 0 =2 -1 8 1 —4 2 —1

2.2.10 XDITHOHTHEPEREIN I ETOMETEZRD, ZNZFNOBEEZEHEE L. HU
bOEHITILZZELELEDLHDET S,
2 3

2
2 3
A= 1,3:41,0:[201],13:[14]
—1 01

2.2.11 ROFMOII A ITHLT A" (n BERE) 2R XK.

01 0 00 1 a 0 0 )
1 | oo 1 2 |10 0 3 | o0oobo0 (4) [81]
00 0 | 01 0 00 ¢
2.2.12 ROFFHIDOMIS AL B, PR &,
01 0 a 00 a 0 0 00 1
W [oo0o1], |1ao @ [obo]|, 010
00 0 | 01 a 00 c 100

2.2.13 RDOERXDRD ZOKRIC a, b, ¢, d ZED XK.
2 1 a -2 | 1 b
3 4 c 3| | -14d

2214 A"=0DLE, (T-A)I+A+A%+... 4+ A1) 2RO K.

2.2.15 A" =0 LR 5BHRE m BPHEETDEE, AL %i%ﬁ?ﬂ EEIENA. A L B hydtic
BIETHICHHTH 270 51 AB S BEHETHITH S I L 2T,

2.2.16 0 KIESTIN A = [a,) DBGTH i > j 561 0y = 0 27T £ &, 413 L=t
LWHEN S, LSRN, £, B EEATIITH B 2 L e s

14
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2217 Al AlE mxnf B EClEnxr ot x,
A(B+C) = AB + AC
WO EZFAHT U TOXFE LTI L.
GERA. £
A=lags], B=[bm, C = [c]

1<i<m 100 1500

15j=n 1=0<r 1500
EBL. INsIZonT,

A(B+C) = Albpg + ¢

1<0<
1200
r 0
= | > apibm+ cm)
L=t
1<0<
1<0<0
r 0
=2 <anjbnn'+’anjcnn)
=
105
15050
r 0 0
= j{:anjbnu*‘jzzanjcnu
L j=1 j=1
1<0<
120<0
© 0 0
= E:GWME + E:GWQE
L j=1 j=1
100 1<0<0
1200 1200
= AB + AC.

15



16 20194F 9 H 17 HMR

§ 2.2

2.2.18

DD LD T LRI,

2.2.19 f7Hl A, B, C 3ZNZFnimxn B nxr Bl rx(MWMETZ. ZDLE
A(BC) = (AB)C
WO EZFAEHT AU TOXE LTI L.

SEEH. £ 0,

A= lai], B= [bg], C= e
1<i<m 1=0< 1=00
1<j<n 1<k<r 1<t<0

EBEL.ZDEE
0
(AB)C = ( lai] (bl ) leqr] = Zaijbm] len]
1sism 1200 /) 1500 =1 1==0
1=j5n 1§D§T 1§D§‘€ 1£0£0 1§D§£
100

0 0 0 0

O=! \[O=! O=! \[O=l
1<0<Q 1<g0<Q
100 100

[FlkEIC
0
A(BC) = [ay] [ [bmg] kw])ZZ[ad [}:bﬂFuJ
1<i<m \ 1=0<) 1<0< 1<ism | =1
1=j<n 1§|:|§7’ 1§I:I§f 1=j5n 1< 0 < 0
100
0 0
- [Z%<mecm>] > (et
0=1 0= 0=1 \[O=1
1<0<n0 1<0<n
1<0<0 1<0<0

(50 5 (5

B D O T EhSh D
(AB)C = A(BC)

HSEEBH & 7.
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2.3 175lD5nEl

A DAT EF % PLU TN ISR 264045 To#$ 5 2 & T, TPloEEP LI K ok b, ik
DMWEDFEDIBRG 5. 1781 A G~ E 2%

All A12 e Alt
A21 A22 e A2t
Asl A82 e Ast

DRI HT 52 L% A0 (B 9#l LW, 22T, HHS AT A, O 19 1 0%
AR & W5
fl2.3.1 AN 3 x 3 8455 A op#EloflTcH 3.

2 s 0 A,y A 2 3 0
1 -2 0 = AH A12 ) A11 = 1 9 , A12 = 0 ] )
5 3 9 21 22

A21:[5 3 ] Agp = [-9].

1% B L CRRTEHED 1 2, 7D Lo T, Brbrh 2T kb L
H2. A mxnfidl, Bhnxrfi<T, ADHDTFITE B DITOZT I BRITRTEE
W—HLThBETS.

n1 o) Tt

Ay A o Ap n 1{ Biy B -+ B
Ao A.21 A.22 e A.Qt | B ”.2{ ?21 ?22 B B'Qu
Ag  As - Ay 71/{ By DBy -+ DBy,

ZDEE AL BOKMIEZETDH B0DRRICENTIERNITI OB ZES 2 £ T, {7510
EPIELCEIRTES. 2% D
Cn Cip -+ Cu

AR — Cor Co -+ Oy Cij = AuBij + AipBaj + - -+ + Ay By
: : : (i=1,---,8;j=1,--+,u)

Csl Cs2 Csu

17
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PIRE2.3.2 RDITSH] A, B DI AB %, N6 KT Z TR X

19
1245 1 0 3
A=|l02113]|, B=| 1 -2
30201 11
' | 2 -3 ]
R
1 2}[ L2~ 1}[ ;_;]

AB =

= 0 6 1 -2 5 -8
+ +
| -3 6 2 —4 2 -3
[0 2
=6 —4
1 —1

29 LTRDFE AB EREATEDEL 20 TRO-DDEREFELL D, 2B %2 Z0iHA
6B X 7z,
BIRE 2.3.3 Ay, By 25 m RIEJFITH, Ay, By 25 n RIEFfT917: 51F

4 0B o] [aB o
O A, O By | O  AyB, |
B 5o F FICEE TR
. AB, +00 A,0+ OB AB, O .
ey = | 0T Nl _ ().
OBy + A0 00+ MA4By || O AB,
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T3 ENE, BINIZRD 3 DDOGEITITIEFICENTH 5.
(1) % < DMBUF TN T 255G D DEHA.
(2) % < OMIBUFATINDAAE T 2556 DT (Bid) DFHHE.
(3) 1912 4T vectors F 721341 vectors IZEI L THE K Fn T 254

ZDHL (1) DFAIIF 233 THAEDTH S, 233 LFMEZ L3 EOEREK ¢ 1T
DWTOIT EAZ t T T 72 b DIZOWT, NAD ¢ HOMIMAN D2 TETI DY AICD
JRAZT 5. (2) 13D 3.3.8 TR S, (3) 1%, BISIHBR 23T 1 RGP, 1 REHOITHIFE
R AN R A AVASR

£ vectors (1T vectors, 81 vectors) (%, ITATHIDR I b DTH % 43, Kl vector TH
52 EEEMTHIDIC

o a b - u v xyY

s £ Dbold ORHEEII 2 L,
5l 2.3.4 41 vectors ~D73E|

134 4
A=|2 10 -1|=[a a a3 ad),
105 0
1 3 4 4
a=|2|,a=|1],a = O],al —1
1 0 5 0
$12.3.5 17 vectors ~D7r#El. #l 2.3.4 DITHI A %47 vectors IZ0#HT 2 &
134 4 by by=1[134 4]
A=[210 -1 |=|b |, b=[210-1,
105 0 b by=[105 0

TIDBEDE vectors ZAWRERIE A 5 m x n {74, B 25 n x r {191, A %47 vectors IZ
aEIL, B %% vectors I27#T 5.

a;
as
A= . B=[b by - b,]
Qam
ZDLE M AB IF
a1b1 CL1b2 albn
asb; asby --- asb,
AB — 201 202 2
ambl a'me a'mbn

EHET 5.
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EEME 23
2.3.6 XDITHDEZ G NTRKHETH 2 HTkRD &L

21 10|[1110
430113201
0012[[00 21
000 1[/0010
2
2.3.7 la; ay a3] Z17HIDF vectors ~NDITHETHEZ [a; ar a3] | 1 | ZEHEYE X.
3

2.3.8 A =[a; ay] (FI vectors ~D53El), B =

2 1
L7 ] D EZ, T AB DY vectors ~D4y

HzReD k.

2.3.9 Al, Bl I m ﬁﬁﬁf?yﬂ, AQ, BQ T n ﬁﬁﬁfﬁﬂkj‘% Al k Bl, AQ k BQ ﬁfﬁﬂﬁ
ThHhd%618 A= Alj ¢ B= B0 AL TH D Z L ZRE.
2 2

.oAl"
2.3.10 A DS m xn 71T kE DHRED L & [(’; R k.
01 -1 0 -1
2.3.11 A:[ },B: 0 —1 —1] EBL. RO~
-1 1
1 1 1
(1) AS B* %3k k.
12
A O ,
@) {O B} kDX,
2.3.12 ¢ ZLEEDFEH L L,
10 10
el 01
A= 00 10
00 —c 1

EBRLA" ZRD K.
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BI3E TR

3.1 EiaE XN

Z T, REILIBE T EMEEN 2 b D2 FHT 212H 72 0, NRELE XN S D D 2RSS,

HAB n Z2IEET 5. n HOEEIPSLZ2EAZVOEOHETS. bV HL T2
{1,2,--- ,n} £F5. ZOLEE {1,2,--- ,n} 225 {1,2,--+ ,n} ~D 1 X 1 MIEDREZFZ~
T,z

S
tidd. Wk oeS, V1,2, - n &, ZNZI Ky, ky, oo, ky ICHIRIE S LEZE,
o(l) =k, 0(2) =k, ---, o(n)=k,

LELY. TNz FEOHT

(3.1.1) a:( bz ")
ki ke -+ k,
ERT. ZoREDOMST, EOBERIHIGT 2 EWENZ DT ICELNTHIUL, EADNIEZ
AUFEANTHRVWHDET S, £/, EIPFAUEZEOEHITIZAKL TRV DET S, OF
D, EPNTHZVERZZNABICE 20 LHRET 2.
$Bl3.1.2 LI Ez2FIRT S -
12345\ (52143\ (143
(4 21 3 5)_(5 2 4 3 1)_<4 3 1)'

I5IT S, DEZOMIC, RORICBBROERIZ X AR D L. 0, 7€ S, DEZINLD
BROGK oot ZFHIE or EFHOT o & 7D &SR
B13.1.3 0S5 £LTC,0(l)=4,0(2)=2,003)=504)=3,005) =1DLE

(1 2 3 4 5)
o =
4 25 31
EEIPNSG. £ 7(1)=5,72)=1,73)=3,74)=2,7(5) =4 DL &
(12345> (1245)
T = =
51 3 2 4 51 2 4

Ths. ZOLE or(l) =o(r(1)
[FIREIZ o1(2) =4, 07(3) =5, o7 (

(1 2345)(1 2345) (1 2345) (2345)
oT = = = .
4 2 5 31 51 3 2 4 1 45 2 3 4 5 2 3

EE3.1.4 ZORE VAT O W TR SHREHIDSR D 31 2 (R X).
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EE3.1.5 LOEE S, 2HREOLERICANT LT n X WU LW $72, Z0HEE
% n RO Ef LIPS

S, DEFEDI B, 1,2, -, n DETEZNHLICETELIL, HEBEH & WX, @5 « &R
NIND
(1 2 3 .- n)
€= .
1 23 --- n
TED e S, 1IN L, ce=co=0 DBRDILD. ¥
(1 2 ... n>
o=
ki ky oo Ky
. </€1 ky - k‘n>
o =
1 2 -+ n

LEE, Ihve o O MiER LIPS 22T, Fil

WX LT,

DI D LD T IR K.

1 2345 R
5l 3.1.6 02( )t,c%ci,
451 3 2

_1_(4 5 1 3 2)_(1 2 3 4 5)
> "\12345) 3541 2)
EROEE S, DEZROMEEIE n! THD. B¥RS (3.1.1) DFHET, FOFFIC {1,2,--- ,n}

BN DA ERAUSE 0D ETH S,
KEBE - 2T, SSICHOBOETEEAT 2. KICERL {1,2, - ,n} O m HOEHH

57 A {k, -k} 12T, pky) = ko, p(ka) = ks, -+, p(km—1) = ki, p(km) = ki1
DREIC BRI ERE D | Q?Q@punuwbﬁﬁﬁmfﬁékéuhfﬂﬁﬁ%f
ki ko ks --- k:m)
3.1.7 = = (ky by ks -+ kn,
( ) P (k2k3k4--- k. (k1 ko ks )
cEINS.

Bl 3.1.8 K[A[EHADHIZ 21T 5
(1 2 345 6 7):<43 5 7):<4357)_
1 25376 4 35 7 4
Hifa 2 ROKEEHRIT A LRI 5.
$13.1.9 HaoH#Z1T 3 -

(1 ia2)-(G2)-ew

DRFREE S, 13 TRECE 1) 5085 B LIEEN 2 & OO AHITH 5.

22
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W DODD n ROEW 0y 09, -+, 04 ITDWVT, FCH) CRT (HEZH 287 DN DBEF) 1T
HEL DN VEE, TIN5 HOMCE RBEIRTH S L Vs

#WREE3.1.10 FARERY, EOCELRKREROB TEE S,

CHUIBITEIH L 22550300 ) B,

fl3.1.11 {&E#a
(1 2 3456 7)
3456721

TELIHT#IERMETIE 123571, 2—4—-6—2 LE5ED2THT, INT
BTORTZRLTHEH 5
(1 234567

it ) asszae-eann s

) ETHSBE (3.1.7) DEHEIRIBED LD T L DO B D27 LIRS THS ).

A 3.1.12 k2K NED AHOADETEE 3.

BI~E (123 45 6)=(16)(1 5)(1 4)(1 3)(1 2). —#IZ, ROKXDED 2D :
(]{71 ]{ZQ /Cg ]i]m):(kl k’m>(]€1 ]{]mfl)"‘(lﬁll kg)(kl ]{Zg)

3.1.10 &£ 3.1.12 X O X3 5.

ME 3.1.13 VAR EMHR AHOADRE L THRE S,

EFE3.1.14 (BEHRORS) B o 23 m HOHMOREE LTEINS L E,
sgu(o) = (1)

EED, Ik o D fis LS.

O EODE#Z BMOM TR T HERMTED b H 5. FFE

(123 4)=(1 41 3)(1 2

= (1 3)(1 4)(3 4)(2 3)(1 3)
HZELKBYICORING. Lo L, BROFSIXHHBOBIC L 2 RANEIKS TICIRE S
(3.1.26 ). HAZEHR  I2DWTIE
sgn(e) =1

9%, ZHUIAEM O M (B o TRINIEILS6THHL L, e=(1 2)(1 2) & 2D
BRTERINED2LHOTH K.

E&3.1.15 ((BiEHE, FFiEE) sen(o) =1 TH 2EM o % REH sen(o) = -1 TH S
B o &2 AEf LIPS

23
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§ 3.1

BIRE3.1.16 RKDEH o Z D ADFETERRL, fFF5ZRKD L.
1 23456789
g =
76 8 214935
B mNKEERR OIS TRT 5.

1-7—-9—=25—-1, 2256—24—2, 3—-8—=3

ThH205 o=(3 8)(2 6 4)(1 79 5). RIZEKMEHZ HHTHEITE

—(3 8)2 92 61 51 91 7)
E%. ko7
sgn(o) = (—1)° = 1.

#13.1.17 S3={e, (1 2),(13),(23),(123),(132]}Tdh3.

BiEdIE {e, (1 2 3), (1 32}, @EHAT {(12), 0 3), 23}

TH 5.

HEME 3.1
3.1.18 RDEHDMEZFIHE A L.

1 1 2 3 1 2 3 5 1 2 3 4 1 2 3 4
()312 31 2 ()3421 4 3 21

(3) (1 3)(2 3)(2 4) (4) (1 4)(3 2)(1 2 4 3)(2 3)

3.1.19 Xz O E R KnEB ORI o X
1234567 1 23456 78

(1)<4765123) (2)<31582467>

3.1.20 ROE#EZ HOETEY. -84 DEBOFFZ2RKD k.
(1) (1 3 6 4) 2) (1 25 3 4) (3) (2 4 6)

(4)1234567 (5)123456789
3741256 341986 5 7 2

3.1.21 4 ROMNHEE Sy DILDTARTZHMIELKREROBOETES Y. £, KT

Z HONCHE K RIEROR TR L, Mt & arEfic o &

3.1.22 o0, 7€ S, DEZ sgn(or) =sgn(o)sgn(r) DIRH DI & ZRE.

24
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DFD 3.1.23 226 3.1.27 3—fZOETH 5.

3.1.23 n DXL FE 21, 29, -+, w, THET S, INO6DOXFED 6% 5 (REDTRTEKTH
k7)) WK f(oy, 20, ,2,) & 0 €S, IZOWT, FiBLHNA of %

(O'f)(l'l,mg, o 7xn> = f(xo(l)axo(Q)a o 7x0'(n))

TEDS. ZOLZE,DUTD fEodDZENZNUIOVT of KD XK.
(1) f=z129+ 229+ 323, 0= (1 2).

(2) f=mzo+ 229+ 323, 0=(12 3).

(3) f= (21— m2)(z1 — w3) (22 — 23), 0=(23).

(4) f= (21— x2)(w1 — 3)(x2 —23), 0=(123).

3.1.24 \E,

A=Az, 29, - ,xn):H(xi—xj)

1<J
EBLY. ZoLE MBEOEM o IOV ToA=—-A 4% EZIHT L.

3.1.25 fEED 7,0 € S, LERDLHA f(x1, 29, ,1,) IZDOWT (10)f =7(0f) DIKD
VD E RN,

3.1.26 fEEDER o ITDWT,
GA(xlyajZa" . 79:71,) - (_1)mA(x17':C27” : axn)
WD EZRE. 22 Tm it o ZHBDOARDE TR L E EOHIBOEETH 5.
3.1.27 FARER 0 IZOWTYH, ZNZHMOADELE LT, EORICEL CHHHAT S A
PADMEB DML 0 DATEF D, BLFIKS 2w & 23EHE X,
(2 2 TOIFEMIHTHIERICE K DFEHBFI SN TH S DT, X TH L LR, )
3.1.28 S, DIBREHDOMEE L FEHHOMEBIIEL S5 nl/2 7455 2 L zithE k.
3.1.29 & o I2DOWnT

0 =0102" " 0m—-10m

DIADIR (DFD o, BT RTHHR) oL =

ol = OmOm—1"''0907]

ThodILERY,

3.1.30 B o 12DV T, sgn(o) =sgn(o!) ZRD 23D DFHETRE.
(1) 3.1.29 Zfi>T,

(2) o7lo=¢ L 3.1.22 Z{HiDTC.

2 =
WNEn=47%5 Alxy, 20, 33, 14) = (21 — J)Q)E.’L‘l - x?;;(xl — @y

T2 — T3)\(T2 — T4
(3 —T4).
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3.2 I DEZREHE (1)

I D B D th T HATHIFUI R A B3 D 5. & 2 TRATHIADESRE & FERN 2R MEE

EFE3.2.1 n KIEHITH A= [a;;] I22WT,
155%n

(3.2.2) Al = det(A) = ) sgn(0) a1o(1) a20(2) *** Gna(n)

gESy

EED, Tz A DK E S,

f3.2.3 2K, 3K, 4 RIEHTH A= [ay] 120, fIHIRZRSDOLEA L L THE T,

A DITHRUI DL T kit s cRIN S

a1 Aiz2 -+ Qip 11 Aiz2 - Q1ip
a a S Qo a a cee Qo
|A|, det(A), |a¢j!, det .21 22 2 7 21 Q22 2
Q21 Q22 -+ Q2p Q21 Q22 -+ Q2p
B13.2.4 Sy={e, (1 2)} THDH,sgn(e) =1,sgn((1 2))=-1THs»5
iz Sgn(e) a116G22 + sgn((l 2)) 120921 = G11Q22 — A120a21.
Q21 Q22

5 3.2.5 S3 = {5, (1 2), (1 3), (2 3), (1 2 3), (1 3 2)} T (1 2 3) = (3 1)(2 1), (1 3 2) =
21)(31) Zns,
sgn(e) = sgn((1 2 3)) =sgn((132)) =1, sgn((12))=sgn((13))=sgn((23))=-1,

a1 a2 a3
Q21 Q22 A3
a31 azz2 Aass
Sarrus DA 2 KE LK 3 XRDIEFFTHIDITHIAIL, 3.2.4 % 3.2.5 DRRIC, £ LS4 T
DT DRI T + 240, f L 5 E T ANDORIT ORI IS — 260 TRz
DTHS. ZOAED S % Sarrus DB E 5.

= 11022033 + Q12023031 + G13021A32 — (12021033 — (11023032 — 13022031 .

B NS 2 DR BIETFEL 00 |
\ er a1; a2 413 ‘
ail a2 N \\ \\ N
N + 21 G2 A23 %\
a1 Q22 Q \\ \\ \ \
\ azy Gz Aass /‘
\ NS D
S
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IN6DRZERICELITLLTORRICKR S, KL, ZNZNOERRIIITOITH 2 E%R L T

AT, O DOOBLFEAICHIGT 2T Z BT ALY DEEKT 5.

2 KIETi1151

3 KIEFiAT151

(3.2.6)

4 KIEJ5175

o] | [ [0
ol [0
0
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4 XYL LTINS b 25752 UM ICHA T 5.
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EIEHH A:[aij],aglzaglz---:anlzo kj%( O'GSn Ciﬁb,a(l)%l tfgbid(k’)zl
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= Z sgn(o)an A25(2) " Gno(n)

o(1)=1
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31 2 5 3
#1328 |02 3|=3 ) =3(2-4-1-3)=15
01 4
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all a12 “ .. DY aln
0112 o« e e .. a2n
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$13.2.10 3.2.9 & D, KT 1] = 1.
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aix o Adip aix - Qip
CQjp -+ CGi | =C| Qi - G4
an1 e Ann Ap1 "+ Qpp
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SERA (1) EFITKD
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Qp1 QAp2  ** App ap1 QAp2 ' Gpp
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TH2 AREDPS a;;=0(1=1 <r r+1<j<n) THBHDT, {o(1), a(2), -+, a(r)} D
HZ r XD REIZRBDIHNUT a1,01), 2002)5 * s Qo) PRI 0 BEEN D5
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3 1 -2 3 1 -2 4 5
2 6 5 2 6

3 1 =2
3 =2 )
B22 - 4 —3 0 - [ ] b31* - (_1)4‘Bl3| - 30, b22* - (—1)4’BQQ| - 19 tc E
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0 b a 0 0 )
o e T I
0 b a 0
0 0 a 0
0 0 b a 0 b
0 0 b a
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EEMRE 34

3.4.8 RDATHNDATHNIAZ GG NTATE 73 FNTBI L TRIAFRER L 22 F T

HL, SHEIZASHTDREER D AGE.

21 3 1 -1
(1) | 1 3 —2 | (& 317) 2) |3 y 2| (&H250)
0 6 5 2 z 1
3.4.9 RDITHADMEZ KD K.
0O b 0 0 0 2 -1 0 0 0
a 0 0 b
a 4 0 1 d -1 2 -1 0 O
c d 0 0
(1) 20 1 0 3 7(3)]0 -1 2 -1 -1
e f g 0
) 1 4 ¢ 3 2 o 0 -1 2 0
0 0 h 1
1 2 0 1 1 o -1 0 2
1 1 0 0 1 1
0 -2 0 a 0 O
1 0 1 0 0 O
(4)
0o 0 0 1 0 -1
0O b 0 0 -3 0
0 0 -1 1 0 1
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3.5 175

COfiITIE, IE TN RS 0, WA ERT 5.

E&E3.5.1 (HfTH) Al n KIESGTAIE T 5. n RIETITTH B 3
AB=BA=1,
Zii7- 9 EE, Bld A DT THS EwIENns.

B AIKL, Z2ROHTHIEELZ 1 DOLPEELZ V. EE B & C 2 A 0Tl Tchiud
B = BI = B(AC) = (BA)C =IC =C
LD, B & CIE—8T 5. IEATH A BfTHlaRi> L & BRI TH D L widins. A HIE
HIfTHI D & & A D75 %
A—l
EES. ROEHIZFEWRZFEZBRTH S EBRBNIZ 2L ANZ 0D, RLTE ) TlEAL
AbHIC I3 3 B CHEARA BBEADMETH S .

EME3.5.2 A, B & n RIEHTHIT AB=17%51F, B A DWifidTh 5.

ZHNUIRDERICHIBRE NS,

EE3.5.3 A BlxnRIEHTHDEE AB=] < BA=1 Th 5.

Sl AB=FE £32%& @8 3311 26 |A||B|=|AB| = |E|=1. £2>7T |A] #0. fit><T
ERL3.5.6 12X D A ZIERATAITHA A A~ 280, HROED»S A 2HIFs L B=A!
215, XOT352BHNED. ZHWAE, BA=ATTA=1 b DO 5 353 bRIN
7. O

T 3.5.4 EHTTH A &2 ORNTFAH] A ORICKOBIRY S %
AA = AA = |A|L

3.5.5 3.5.4 ZAEHE k.

(Hint : AA =113 A © SNCBIT 2 R TR ( 2400, THROICBIT 2 L EsED & Whn s ) 2Hb
TRENDS. AA=113 A DT 2 R TER (243, fTHAIROITICBT 2 2 EEEL» s N2 ) %
MAbhTRENS. )

T 3.5.6 AVIEATIITH D7D, |A| £0 THS I EPBEFITHS. i, C

DL X A—lzﬁfl T<H5.

AERR %, B=1A LB E AB=ALA=1AA=LdE=F RKOIETBA=Eb
KOOI EBDLD L6 BlE ADWTIITH 5. O

WA Z R T 2 DIclE, —MINICIE 5.6 Bio S LIEO DRSS TH 5. L L, iy
B0 % T EHEERCITINLENE TN L5675 EITIZER 3.5.6 WEXITH 5.
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1 2 3
BIRE3.5.7 A=| 1 1 —1 | ORHEFTIEWITIIZRD K.
4 1 5
B A=la) £T2La;=(-1)"A; TH%. kDT
1 -1 2 3 2 3
— (=1 141 — 6, — (-1 142 _ _7’ — (-1 1+3 _ _5’
ain = (—1) 1 5 ajp = (—1) L s a3 = (—1) -
1 -1 1 3 1 3
— _1 2+1 — _9’ — _1 242 _ _7’ _ _1 243 — 4
a21 ( ) 4 5 22 ( ) 45 a93 ( ) L
11 1 2 1 2
= (—1)3! — _37 — (—1)312 _ 77 — (—1)3t3 _
az = (—1) 41 asy = (—1) 41 aszs = (—1) .
¥ 72, GIELIINE T DY
|A| = =21
TH 506, REFATH, WITINERDOERICT 5.
6 —7 -5 1 6 —7 -5
/’i — — — Ail = — — —
9 7T 4], 1 9 7 4

-3 7 -1 -3 7 -1

HEMBME 35
3.5.8 XDTHDOERNTATH %KD XK. F-Fh e HoTHfrdzZkdD k.

(1 -2 2 2 4 1 2 —1 -2
1) |4 1 -1 2) |1 -2 1 B3) | -1 0 3
2 -1 3 0 5 —1 3 -2 5
[a 00 z—2 1 1
4) |d b 0 (5) 0 2r—1 z—1
e [ ¢ -2 1 1

3.5.9 A D3 n RDIESHFTIIT, A 93 A DEEF1TH17% 518
det(A) = det(A)"*
ThHhdbILERYE.

3.5.10 A DS 1A% & IR T4 A NHITHITH S 2 L 2TE. £ ADBISITIE
HIfTSITHh UL A~ S RWTIITH 5 2 & 2me.

3.5.11 A %fRATH 7% 618 AL 3RRATHITH % ).
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3.6 Cramer OXT

REATHIDSIEIFTH & 72 2337 1 KAFRE, BIT SRR 2 Cramer OAREAGTHR 2 L
LT E 2. Cramer OARIIFHNIC IZEECTH 2728, FERICHNT 1 RABRROME KD 3 0
IR EHLEO AR HETE S,

EHE3.6.1 A2 n XOIEHITIITH 2 L &, #7 1 XIGFER
Axr =0
DIRIIRDEEIZE~NLN S,

T i

det(far - b - ay])
det(A) '

y Ly =
Tn
I THADTTFIE A D i 5% 4 vector b TE ZHANZATHNDITHXTH 5.
Proof. AZIEHIZZ> S 5.6.1 12X D, @EME—DFFET D, ZDff%z o £ L, A DFIl vectors
Zay, a, £3T5HE,
b=Ax =la; - a,Jx =1101+ - + 220,

EEEIEIND. EOT

[al...b...an]:[al...x1a1+...+xnan...an]
:Il[a’l “ .. Ciz "'an]:xi‘A|'
E£OoT, iz |Al THOTEHOEXZT 5. O

fIRE 3.6.2 XDy 1 KGR %Z Cramer DA% H > THELT.

el

fi7
‘ 31 ‘ ’ 5 3 ’
. 2 2 _f _ 3 2 _1 /Z{{m]_{%}
1= =z, I2= = = =13
5 1 7 5 1 7 T2 7
3 2 3 2
HE MR 3.6
3.6.3 XDV 1 XITER%Z Cramer DA% H L CTHET.
1 -2 1 T 0 2 -2 -1 T
2 —1 3| | a 2 11 3| a
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3.7 HRIBREOITIIR

WO DR BB DTN ADIEDORD ST 2 DT h 2 LERITH 2.
BIE3.7.1 KOEAZAVE L. (2 0%RUF Vandermonde DITFIE & EIEH 3 .)

1 1 . 1
xl x2 DY wn
2 2 2 —-1)/2
T To? e Xyt | = H (2; —a;) = (=1)"=1/ H (x; — ;).
: : : 1Si<j<n 1Si<jsn
[L’lnil x2n71 . xnnfl

B BT 2RBMETRT. n=2DLEIFIELWY. n— 1 XfTFD L SITIEL W ERET
5. ZOLE, JBADHARIC () — () xa1, () — @ xar, -, @ — Oxay &WVSITOHR
L2 &

1 1
0 To — X1 Ty — 1
() =10 xa(xo —x1) -+ wp(xn — 1)
0 2" (g —x1) -+ 2, *(w, — 1)
1 1
1'2 o o o xn
= (9 — 1) (x3 — 1) -~ (T0 — 21)
x2n—2 .. Q:nn—2

= (@ —m)(wg—m1) - (wp—a1) ] (5 —m) (. IRAREDIE)

2<i<j<n
= [ @—=)

1Si<js<n

0 SRR FOMED Oy =n(n—1)/2 @TH 22 5EL V.
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BlRE3.7.2 TELD n+ 1 XRDIEFITHNDTINRUIS DO TDERDRKD 2D T & 2mE.

ag —1 0 --- 0
a x* —1 :
F=lag, 0 z " 0 |=az"+az""+-- +a,
: : . !
a, 0 -+ 0 =z

BB o ICBHT2RMNETTRT. n=0DEEFIFIELWY. n—1 FTRHIZDEL T, n DEEIC
DD Z EZRT. FICBIT 2 RN T ER 2T &

rx —1 0 . 0 ag —1 0 . 0

x —1 . 0 a; x —1 :

F=alg o =z . = |=(1) as 0 =z . 0
: : . — : R — |

o o0 --- 0 =z a, 0 --- 0 =«

= apx" + (a12" P Fagr" 4+ ta,) (o AEDKIE)

=apx" + a1z a4+ -+ ay,.

BIRE 3.7.3 RDEXDKD DT & 2RE.
1 a b c+d
1 b ¢ d+a
1 ¢ d a+b
1 d a b+ec

B OEALH21TOT

a+b+c+d

b+c+d+a

c+d+a+b

d+a+b+c

[4]+[2]
1

e e e
o o 9
L Qo o

(7534) =

(<]

=(a+b+c+d) =0 (- [1]=1[4]).

Q0O o9
Q QL o o
=l

1
1
1
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EEME 3.7
3.7.4 XDITHIAXDEZ KD k.

1111 3 221 1
3 2 5 7 3 2 17
(1) 2 92 2 2 (2) 3 o4 2
3¢ 2 5 7 3 2¢ 1 7
33 23 53 73 3t 25 1 7
23 1 22 2 1 4 43 42
(=3 1 32 -3 22 93 25 ot
(3) 5 ) (4)
17 7 1 1 1 1
5 1 52 5 2 —22 2% 28
3.7.5 XOADKY LD & Z2RY.
1 1 1 1
T a a a
(1) =—(z—a)ly—-0b)(z—c)
r y b b
T Yy z ¢
a b b b
b
) R R P
a a b a
b b b a
1+ 2?2 x 0 0 0
x 1 4 22 x
1 2
(3) v L =142+t + -+
0
: 14+ 22 x
TR 2 M ~ Y S
. O T e n RATSIOAIR)
0 a b ¢
—a 0 d
4 = (af — be + cd)?
O R B0 )
—c —e —f 0
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F4E 3 RIT Euclid ZHEICH 1T DA

COFETHIRI EIL, BT, 56 8 HmOWBEEMZ ML 72 ETHHINIRELDED
TH B0, B ETIC, HBW AR EMZ22ATELDT, ZOMNZRALHAZRKS.

4.1 3 RJt Euclid ZM E

COITIR, B TEAL “EMT, BXOZEZITBIT S vectors IZOWTHOEEF L, X 5I1H
BIMATENEZ LS. DUN, Bl THRAR “ 227 %
E = E3

THY. ZruFiERicix 3 Rt Euclid 22/ EWFIEN 22 TH S . E DM P ICiE o JEE,
y JERE, 2 JEEEDSEE D, P OFERUIZ 16 D 3 DDEME T (a,b,c) DIFICEI N, Th
P OBEEEEEDTHD. T2 a, b, c 3FEHETHS. fEOTE DREIE3 DDHEED
E IR 1IHIET 2200, EALLTUERXxR xR EELLTH X,

E NOEED 2 5 Pz, y1,21) & Qxa, 92, 20) IIX BB SED SNTZE D, 21U PQ &
LI NT
(4.1.1) FQ:Jxrwuuwm—wV+urww (2 MR )
TEAGINS. 51T, @RTIE, LTI RZERIC, E I281F % vectors £ Wb DHEATL.

THEA41.2 EHO2 A A BICHL, AZBA EL, B %2 KA T2 HAKS AB »E %
3. BRECEO T T, EXE O (A,B) O t% AB L#HL, LEETRETH 3.

EE4.1.3 2 DOHMAKS AB, CD 122V, 4 DD EHH 2 1 DOV b > T, MU
ABDC (MHi% ABCD TidZ\») 2NATIUAIETH 5 & &, HIL, #itor AB £ CD (LEL% T
7<) BRRL, Lvd, AB=CD BXWAC =BD 2 H oL % AB & CD i3 Ff7 T
H2E0O, AB/CD LT,

E&E4.1.4 E NS %ﬁﬁm&w& [FfERETR CTHHBL, 2 KOF D
FPTRAERRTIEELVDD EHFEAS
AB/CD o AB:C_D « AB=_CD.
22T 4 KHOMERZ Aay, az), B(by, bs), Cler,¢2), D(dy,do) 8K &,
A_ﬁzé—]_)) <~ bi—a1=dy —c1, b —as=dy — s
Th5s.

D S OHBREICIE, LD vector I3 TVATHEEIL THES L\, EFINTHS. 2D i, BIREEDT
Bk, B (EXE)/ SEIBREITE DAL DEARSOEATH S, LRTLDTH .

20
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Bk OmsE (F, 22, scalar ) Z1EET 5.
TEA4.1.5 2 DOHFAKS AB, BC oW, 2o fil %

AB+BC = AC
LEDD. a=ABDEE, —a=DBA LED, a LbDER

a—b=a-+(-b)
TEDD. k%FEHETS. 35 A, BEELEMEICH C %2 EAB = AC L7 2/kICHLS. H
LE>0DEZWEBMW2HALECORICHAIRICL, HLA<ODEZIZADN2HB L&
COMICHIMEICTE. bLbRAE=0DEZFXCIEHAIC TS ZDLE LAD = AC
LI, 2k AB O k% (scalar %) E k. ZHUC X DD vectors DREIDEEE DM
=V A RYASS
WREA.1.6 TEOGHEETIE, BN O 2185 L T 2EEOHAKS OA L VT Th 5.
EFA.1.7 (vectors ) i O R E T 2EZOHIFS OA %HIZ E O vector EFiL,
WE, IR LFTa LT

a = OA.
ZDRILAE B A DAL vector 1 a THS EWVS. I 51T, CD % OA & TVATREITRY &5
BT TH 255D
a=CD
EEL. NS OFBIEEERTHEALLDTH Y, IRELOLE X2\, 22T A OFEREN
(al,ag) DE %, a @Ezi_]\ V& (al,ag) Th 5 EV)U7
a = (a,a)
9. 22T a= (al,a2), b= (bl,bg), keRDEZE
a + b= ((11 + bl,ag + bg), ka = (kzal,kag)
ThHhHIELRBITODB.
EHEA4.18 a=AB DL X
la| = |AB|
LEWT, Ik a (HB\VWIEAB) O AEX ¥ ES LIFAE.
EE4.1.9 EHE ZHEICERT 27012135 8 ETHEINEBNIETH 503, SlcWio7-
BRIC, ZOHTIEEKRTHEALZERERAD LD E L TBRNTH D I &, DIHDTE LT
L. H 8 EUKTIE, L TERLE vector DRKE X% |a|, [PQl| ©£F. 2tk
KEETIZ—MRITH 5.
EFEA4.1.10 (ABE) E HD 2 DD vectors a = OA,b=0OBDLE /AOB% a Lt b D

LI Ens ZOLE
a - b= lal|b|cos ZAOB

BRLEEENT, TN a t bDNE LV
CIT, NBEOMEZF LD TEL. INod, TRTERTHEAL Z LT, AFHIZAT

o1
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s, EENEE LTE L.

fl4.1.11 AT 2XOMEZ Y. HL, k ZTEEDFEE, a & a 13 E HOLED
vectors TdH 5.
(1) a-(b+c)=a-b+a-c.
(2) a-0)=0-a=0.
(3) a-b)=>b-a.
(4) (ka)-b=k(a-b).
EFEA4.1.12 2OD vectorsa & a lZOWT a-b=0 THDEE, 2D 2 DOD vectors 1F
HE THSH, £70F, BEXTS Lwiin,
alb
LRSI NS,

4.2 I \HEDERE

EFUOFEOEE E NOFETPUAE ABCD 12X L

AB:a: (al, as, (13), AD:b: (bl, bg, bg)
EEL. TN ABCD o (E#8INZAERTO) T S &
(4.2.1) S = \/(agbg — CL3bQ)2 + (a3b1 — albg)2 + (albg — a2b1)2 A B
<:i::2\\\ﬂ
x

z

ThHNENS.
M4.2.2 (4.2.1) PIELWI L ZRHE,

FAANEFEOBR E WO FARIE EFGH ETCH 2545, b, a = EF, b = BL,
c=FEE LB LE,

]E):a—kb, ﬁ:c+a, ﬁ:a—i—b—f—c
EBDOTHhEbDET S, I

a — (al, as, &3), b= (bl, bg, bg), C — (Cl, Co, 63) z H

/ G/
L9 5. ZoLE, EBNRERTO I OPATNTTF
DIKEL V 14 .
G

aq b1 C1
(4.2.3) V= abs( as by ¢ )

as bg C3 E F

<

THEASGNA. 22T abs Fffixfliz 32 L 253
K3 3. 0

T

f4.2.4 423 25IEL W2 & 2%,
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4.3 E @D vectors ONE

ZEE E ND 2 KD vectors
a = (ab az, a3>7 b= (bla b27 b3)
IR LT

a X b = (azbs — agby, asby — arbs, a1by — azb, )

EED, Iz a & bDOHEE LR ZDLEE (4.21) I1F
S =|la x b

EFEITS.
H16 S
axb=->bxa,
axa=020,
a x (kb+ tle) = k(a x b)+{(a x ¢),
ax(bxe)+ex(axb)+bx(exa)=0

DO ILD. HL, a, b, ¢ IXMEED vectors T, k, (L IMEEDFEETH 5. o) DMHEEIZZEH D
MEAHTEVSSDIZEIEDTHAT, 5 3 ETHRATHIX 6.5 fiThR 2 H % 2§ vectors
DA PR T 2 DTH 523, HUYDBBDOHHICENRSL I LILTS. ZDEE axblia
b IZBL THEET, a & b PMEZFIINLROMEZ K S &£ § 5 vector 255,

ZEfE E DEED parity ICDWT
FER I 2 E T, Z DT IS RZATINZE N, Z2NDTFHXDIEAIC XD T 2 om &
EnAbDEEDS. L, 22T, BEENAZHICHED TEL.

B CTHEALEZEM E Z2K7RT 2B021F, flaTwus e, HAT, ZHdzoEY 2 8T
X, ATOBE, AELE, T2 LO0ONEBEICRZETEZICLALE, ATOREL « il
ANAELIEZ g i, P52 - LT, OlE2ET, R LT 5.

LU, S8 120505, 70 & ~IRPEH AN ¢ dil, LT ¢ iz & o7 & &, 2 dilld KIED
HEIZEDTYH, A SREIFEE 22\,

LTFOBEE a, NELIEZ b &L EOHIED vector i a x b D E %2 HKT,

N EDREIZOWTOFBPI, ERPICEINLETHSE ).

= E M43

4.3.1 %Fﬁ‘j E Ijild) 3 ,'TL\': A(al,ag,ag), B(bl,bQ,bg), C(Cl,CQ,Cg) %i(ﬂ)ﬁ)ﬁ O(0,0,0) %]Ez'g'\ &
$ % VUiiifk Ok vV 2550z fE.

23



E5E HI 1 RAEN

5.1 {35l &EL 1 RAEN
ROMEZRLS 2 EDPSIRD 5.
BIE5.1.1 ROEAZ/T z, y ZKD K.
2 3 x| |7
1 4|yl |9

& fOAoirA o E FE T T UL

2z + 3y 7
r—4y B [ 9 ] '
> T, MDA Z M < 2 L3 1 KI5
20+ 3y =17
{ r—4y =9
IR Z &bz o v, ZNEMRLT =5 y=—1. O

FREITH EoflE e 13N 1 RGBEAZT90HBEATES ). m HOHEL»LS 425
n O RAENZ DOV T O 1 KSR
[ a1 1 + a19%s + -+ - + A1pT, = by

ag1 L1 + A29T2 + *** + QonTy = bQ

Am1T1 + ApmaTe + - - + ATy = bm

IR LT
@11 Q2 - Aip € by
Q21 Q22 --- A2y T2 bo
A= L x= . b=
Am1 Am2 - Qmp Tn bm

EB L AT A 2T 1 RGN (x) O REATH] & v, 511 LIS, 32 1 KGR
(%) 2 Z LX, fTHD T

(%x) Az =1b

ZRCZELFEMETH 2 2 &b 5. KO TUTIDTTER (xx) b HNZ 1 RITEK LS.

o4
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ILRFREATH 7 1 RIGEK Az = b 1I2OW T, 1751 A 12%) vector b % fHFA~7-477]

a1 Q2 - Qip by

; a1 Gz - Aoy | Do
(A b] =

Am1 Am2 - Omnp bm

T 1 KT () D IBRBEATI] &3 22T AL b EDT BHEDRRRTHUAE R
BHDTHDEY, TOMEGITTintbnh 5.

BIRE 5.1.2 XD 1 XGRSOV TRICE N K.
3.’171—2552 +$3+4$4:7

T — 31’3 +x4= 5
2I1 — Ty + 91’3 =0
(1) RBUATH, BERBREATH 2 5k
(2) FFID AR DO TIE .
3 -2 14 3 -2 147
BRE (1) RBAAIE |1 0 =3 1 | IRRREATAIE |1 0 =3 1.5
2 -1 9 0 2 -1 900
(2) [TA D SRR THE L
3 2 147"
4
0 -3 1 =
T3
2 -1 90
Tyq

&%,

95
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# vectors @ 1 REES m WOME U BDEL vectors aq, as, - - -, @y DENSNT2 E F | vector
c1a1 + C2ag + - - -+ CpQyy

% oay, a e, QG D1 XEES LS.

1

W5L3Qﬁ@ﬂwmmlzl%lor[2]@1m%éf%¢a
1

2 0

3 0 1|

SC, HANLTRES () ITBOT RBATI A 2 A=[a, ay -+ a,] & vectors I[Z7EIT
5L

=2 +3

i

Ax =[a; as -+ a,] : =z1a; + T2y + - + Tpa,

&b, XOT (xx) 13
(k) r1a1 + x2a9 + -+ xa, =b

D 1y, T, Ty BRODBHIELFEEFETHS.

waal4[§]%[§]a[;]@1m%éf%@

BRE 5517 vectors DRIIC 1 REARBHHOE LT, 2%

N HE M

5!
Izt o =3 n=—7 k5 kDT

R

T + X2

26
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= E M REs1

5.1.5 XD 1 XITHER 2T 2 TR, £ 708 1 XITEADREBATHI, SRGRBAT
bl % Fie .

9 3 1 T + QZEQ — I3 = 2
T1+ 9Ty = —
(1) { (2) —I1 +33L’3 = 8
1 — T2 = 2
To — 21‘3 =—4

5.1.6 KDITHND R & A 2Hsg 1 KGRz 5E.
1

2 1 3 T 3 01 T 1
1 0 -1 2 = 2 2 =
) v <>[1_12] o [0]
1 0 —1 xs3 —2 T3

5.1.7 RDH| vector a 23 vectors by & by D 1 REEATRE 2 0E0ZHN, Y2406
X, Z DFR % BRI

2 3 1 L 1
(1) a:[_ ];b1=[ ]7522[ ] 2) a=|2|,bi=|3]|, bo=
1 —1 1 ) 0

5.1.8 XDF vector a D351 vectors by & by D 1 XiEEGTE 57201 a, b Dtz TN E &
RO k.

a 0 1 2
(1) a=|2|, bi=]|2|, by= 2) a=|a |, bi=| -1|, by=
3 1 b 1 3

5.1.9 wi, U, V1, U, w 1E n KDH vectors £ T 5. w lF vy, vo D 1 XEEET, £72, vq, vy

v = 2’11,1 + 3’11,2
w = v, — 39,
Vo = —Uy + 411,2.

ZDEZT wZEu,u D1 REEELTEYE.

5.1.10 n KDF vectors wuq, - -, Uy, V1, -+, Vs, W WZOWT, w iF vy, -+, vy D1 XEEE
T, ¥7%,0, v DENZFIUT UL, -, u, D 1L XFEETRINDEZ, wid uy, -, u, D
1 G TRI NS I Lzpne. (H#E 5.1.9 o—ikik)
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5.2 BEAEREH
M7 1 R
{2:1:+3y:8
rT+2y=>5
ZRADMIK, ANENEFEZITSE I EICEDTRCTAHS. 22T, ODDVEHFFIE, —DHID
BEOXD B OHZH D72 L Th 5.

3r—y=17
(1) {—x+2y:1
{ 5y=10 @D+®@ x3
—x+4+2y=1
HI{ y=2  Ox(=)
—r+2y=1
y—2
{ r—2y=-1 @x(-1)
r—2y=-1 @
{ y—2 )
{ x D+® x2

BT OREBIERD 3 DTH S.

EE5.2.1 (B 1 XABRROEALE) (1) 1 20HBX2 M2 (£ 0 £%) 72
(D) —(III), (IV)—=(V)

(2) 2 2OXE ANFE~SL. (IV)=(V)

(3) 1 2oAfhoXDMfE2ZMA~S.  (D)—1D), (V)—=(VI)

oz Lo, @VARAOEARLY L vs.

LoRIcEIC 2 DO HBRROMTHEL L D P TRAED 1 D23 F UL L IARAL 7257
PR EHEN LN L. Lo L, iSRRG Z1TH K0, ROFEITHES
B R OEN S WS %& Tiotﬁbéf@ﬁ&ﬁ%ﬁtﬁ L&D B DI 7%
DIEATHSD. LOSHERSIEIC (IV) 205 (1) ~NEALEZ T2 Ol s 26 (AL
Ens) (D) ~ (W)@@ilﬂﬁﬁﬁ@ﬁ%?%%.iOTx:Ly:2ﬁ%T%O,%h
DA g3 200 2 L3O BRI AT 2 ETHLRCHS L HDTH 5.

f5.2.2 LD ()= (VI) DEREIGICOWT, AL Z HWWT (VD) — (1) L#ficillinsg 2
& & BURIITRE.

BEHUE Lotk AL 270 CGHN 1 RABRZ @ Hikz BEHMLE L vws, bk
ICHIRARZARIS, HAZBTGII TN TH 206, AL 270> T 6 287 1 RFRAIE
TS T, 206 DEOESIZRTHEL L.

o8



§5.2 2019 4F 9 H 17 HAR 59

¢, 1 RABRROER (1) ~ (V) IZB W TIERREATIID EDRRICEE ST
DETHRS.

of 2] i
<H>{_H2ﬁm D+ x3 _(1) 2 1(1)]
m{ gt Oreb 1]
(N){ x—QzZ—Ql @ x (-1) i ? _; _H
wo{ TV it
T

Z ORI 1 RO FEARZE & RITBRR 31750 (1F) HWAZHIZIEL ThH 3 5, j#
31 KGR Z MR ITE, Z DIERREATINATH D FEALIE 2 17O CHMRIBICEE L, 2
D HH 22 AT % JERRBATHN & § 28 1 KGR Z T I X o,

E&5.2.3 (190 (17) HALW) THORD 3 DO % _(1T) AL L v,
(1) 1 >DfT7Z2fED (£01%) 5.

(2) 2 2DITHZ ANVENS.

(3) 1 DT DT DS Z I~ 5.

I 1 AR A IERIREATIN DAL 2 O TROTHA S,

ZOBE, L3 1 DB O 2118, Lo L, itiBOBIEE &2 O TIRRED 7 Wi T
—EIZKO D DAL H#ITHOTLEOTEFTid . LarLl, 2nuidb FThb Lo 3
DHAZE 2 11 1 BHEEDIEL TROoNE b DTRIFIUIR S 2w,

W

29



60

20194F 9 H 17 HMR

§ 5.2

PIRE5.2.4 RO 1 RITHAZ | ILRGREATIN DAL 2 H\o> T
20 +3y — z2=-3

—r+2y+2z=1

T4+ y— z2=-2
BB IEKRREBATIN E Z2 DIRERE %2 RO ARICEE L 2 o fiticE L Ehbrh T wv, 22
TO,Q,Q 1FZ2D 1> EDITFDHE 117, 8 2 17, 5 372 F£T.

2 3 —1:-3

-1 2 2 1
11 —1:-2
0 1 1. 1
0 3 1:-1
1 1 —1:-2
I 1 —1:-2
0 3 1 -1
0 1 1. 1
1 0 —2:i-3
0 0 -2 -4
0 1 1. 1
1 0 —2:-3
0 0 1. 2
0 1 1. 1
1 0 -2 -3
0 1 1. 1
0 0 1. 2
1 0 0 1
0 1 0:-1
0 0 1. 2

SN 1 RARRICEL T

T = 1

y =-1 HIb
= 2

60

D+ x (-2)
Q+d

8
I
—_

SIS
I
(N}



§5.2 2019 4F 9 H 17 Hhk

61

EHEMBME 5.2
5.2.5 ROENV. 1 XREBRAZRFEH LTI
{zm+3@::—1 ) {&m+zm:0

Ty — Ty =2 T — 209 =38

1
4

T+ 209 —r3= 2 T + Ty —T3=
(3) —I1 + 3$3 = 8 (4) 21’1 + To + 3%3 =
Tog — 21’3 =—4 -1 + 2[[’2 — 41‘3 = -2

5.2.6 XD 1 KAGFERZ I RIREATIN D IEARZETE % TR .

&=
3 1 -1 35
(1) = (2) =
1 -1 To ) 1 3 T
[ 1 3] [ 1 2 3 0] [m
(3) 1 2 Ty | = 2 4 |1 -1 1 T
_1 0 -1 xIs3 -2 3 1 -3 Z3

61

2
0

|



62 2019 4¢ 9 H 17 HAl §5.3
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b, EM35212KD, C 13 ADHTIHTHY, AFIEAIfTAITH 5.
(5) = (4) Az =0 %o\, TOMBAICED?»S A7 285 &

A" Az = A7'0
D, A Az =z =2, A7'0=0THE25 £=0. XDOT (4) IR LD, (3) & (4) 1F
FfECTH 2026, LELD (5) & (1) ~ (4) DREEES RS, O

BITHIOHE WTF%FET 51CE 5.6.1 D (3) = (5) DIFHTR L 72kiC, n flH iy
1 KI5

Ar =e;, Ax =ey, ---, Ax = ¢,
DEZNAIZ € =c;,x=cy, -, xT=c, £THE

Al =[ec; ¢ - ¢,

7
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§ 5.6

Thb ZDLE
[Aez] (1=is=n)

DAL E £ LD TTNERG. WS [A e e - e, ] DRFNLEZTIUX (L, c1cr -

EHBDTHS. DED nx2m A A 1] #WHLT 5 L
(A T)=[1 A

& %0, RGO IS A DTS AT BN DTHD.

BIRE5.6.2 KOITHIDWFTHI% KD k.

121
A=1]2 31
12 2
BRE 3x61T81[A 1] %KLY 2.
1 2 1.1 0 0
2 3 1.0 1 0
1 2 2.0 0 1
1 2 1.1 0 0
0 -1 -1:-2 1 0 @+Dx(-2)
00 1.-1 0 1 @+Dx(-1)
1 -2 0. 2 0 -1 D+ x (~1)
0 -1 0 -3 1 1 O+
0 0 1 -1 0 1
1 2 0. 2 0 —1
0 1 0 3 -1 -1 @x(-1)
0 0 1.-1 0 1
1 0 0:—-4 2 1 O+@x(-2
0 1 0 3 -1 -1
0 0 1. -1 0 1
—4 2 1
£OT A BIEARTAIT, WiTHlx A~ = 3 -1 —1
-1 0 1

cn

ER5.6.3 AT AICRLT[A 1] 2WHLLA &, MifL (1 «] OBICAS 2

WL A RIFHIFAITIR WO T, BTN L 7\,
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HE M 5.6
5.6.4 KDITHNDWATHIZ KD .

2 -1 0 -3 -6 2 1 -1 -3
1) |2 -1 -1 (2) 3 5 =2 (3) 1 1 -1
1 0 -1 1 3 -1 -1 1 5
(111 1 2 0 1 0
0111 0 -1 1 —2
(4) 0011 (5) 1 0 1 0
0001 0 1 -1 3
5.6.5 WifTHI%Z I\ TROHM 1 XIRA 2T
5 -2 2 T —1 41 -1 T
(1) 3 -1 2 le 0 )5 3 -1 o | = | b
| —2 1 -1 T3 3 11 0 T3 c
5.6.6 a#£0 DL EF, ROGINDHELTINZERD K.
a 1 1 1 1 —a+1
(1) {0 a 1 2) 2 3 2a
(0 0 a 11 1

5.6.7 Xzt HL, 2T ERIMEDTE» D K. 3.52 % 3.5.3 2O TiTWwiF &,
(1) ADIERZ 61, A~ BIEAIT (A7) = A,
(2) ADIERAZSIE tA SIEAIT (FA) " =" (A1),
(kD2T, 2DfiFll% "A7F EFWTRW)
(3) A, B »1IERIZ 513 AB HIEHIT (AB)! = B 1A~

5.6.8 A, B D07 51X, ROTHIOM A TH 5 2 & 2t
(1) A™', B (2) A7', B! (3)'A,'B

56.9 AB=0 &% % B (#0)DMFET 5% 013, A ZIEAITR W & z2pRe.

5.6.10 A DYEFTISIX T+ A, I — AFHICIERHIfTIITH 5 2 L 2. £/, ZDififT
ko X HL, BN THBIEL WS DTH S Z LI ERIED TELO L. 352 %
3.5.3 Zfi->TIEviF 7\, (Hint : 2.2.14)

56.11 AS=0 DL E 24 OWfHl% A ZHOTET.

5.6.12 A 2% m XIERITA, D 2% n RIEAIFTH17 613, fEED m x n {75 B, n x m 751 C
WXL, ROTH X, Y, Z ZIEHICTH B Z ez, £ XL YL 727 ke k.

A B A O B A
O D C D D O

- ) - ) - :
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B6E Vector ZH

6.1 &

I F THALTIERE T, vector RITTIDETIE T RTHEE, FIIEIEKTH 255
ICPRE L TER. Lo L, AROFBIERECEEIZ S D LR OSFiEE %2 > Th T, ods, —i
R EMEEN 2 S DL LT I RIFFRRZBERDERTEZ 5. 22 TR, RITOWTHES.

EEG6.1.1 FAKITBWVT

FO IEEMEN 23R K x K — K, (a,b) = a + b,
BLOEEEEN L HEHE K x K — K, (a,b) — ab PED 5N THT,

ROWHE FI~F9 "2 Thi7- SN L E EHK A THr 0 IEN3 .

(TRLICBWT a, b, c € K BHMEEDILZET)

F1 (&P $ 28861 (a+b) +c=a+ (b+c).

F2 (IEICBd 2388d) a+b=0+a.

F3 IEICBIT 2 60 EMEN2 0 e K DMFEL T, a+0=0+a = a.

F4 £ a 120 LT ImEIcBIT 230 EWHEN S —a DIFEEL T, a+ (—a) = 0.

F5 (REICBT 28568 (ab)c = a(be).

F6 (FERICBIT % ) ab = ba.

F7 FERIcBId 2 A0 N5 (0 L8 a2)) L1 e K BHFEEL T, al = la = a.

F8 £ a#0 KL CTIEICBHT 2T EMIEND o ! DEEL T aat=ata=1.

F9 (/) (a+b)ec=ac+ be.

Bl6.1.2 EoBlz2ET5.

(1) AEER Q. FEBUEA R, #HFIELUEK C.

(2) Gauss £k Qi) ={z+vyi|z,yeQ}.

3) QV2) ={z+yv2|z,ycQ}.

(4) p2RBLETHLEEZ pIilh F,=Z/pZ (Raee 1, o) .

(5) p 2R, n TARKET DL E pn Julk Fpe (s s o)

(6) AEIL z D Q RBOAEMADEME Q(r) (@ ko1 sgmmsts L wigns ).

— iR DFZ R F DT

IR K 2 BROrcRofAid K 23 R C 056 ERKICERTE 5. BO» T TK
IZEEND mx n HITHO2EEZ Mat(m,n, K) £id$. Mat(n, K) = Mat(n,n,K) & & & &
TIELETS.

Do=1%2FTEbHY, ZOMAE {0} (1=0) % 1ok LT 2.
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6.2 Vector ZE[E & &8 ZER

¥ vector ZEEDEFRDSIRD 5.

EFE6.2.1 KK LEAV ITHL,
VO Ml EMEN2EHR VXV -V, (zy)—»z+y BLDQ
scalar fif EPHINAEBR KxV =V, (a,y) = ax BWENET,
CNLDFEHBEIZDWTLTND VI~NVT OTRTHBRD VD EEV 2 K 1D vector ZE[H]
(b2 K Loz, K BN, K vector ZEH] 72 &) & 13,
DT xy zeV IMEEDILEZET.
V1 (#6f) (z+y)+z=z+(y+2).
V2 () z+y=y+x.
V3 2 vector EMFINSIL 0 DIFEL T =+ 0 ==a.
V4 % x IZX LT, i vector EFFIENS —x DIFEL T, x+ (—x) =0.
V5 a(bx) = (ab)x.
V6 a(x+y)=ax + ay.
V7 (a+b)x = ax + bx.

16.2.2 K F®D vector ZE V IZBEBWT 0z =0 DR DIDOI EZE2RE

EE6.2.3 V 2K K ED vector 221 & & X.

(1) 25 vector 0 (FME 1 DZUFAET 2. ¥ o JllC O FEETIUL, V3IZLK D 04+0=0,
0+0' =023EBIDHIZD. Ik V2I2LD 00=0ThH5%.

(2) x ITNL, V4IZWwS —x M1 DZIHFET 5. EER, 9 1 2H2%EL T, o &5
t—zx=0—z=@@'+z)+(—x)=a'+(x)+(—x) =2’ +0=a' £%205TH5.

Vector ZEREIDH

Z 2Tl vector Z2RIRE T 2E M DB 22517 5. R LD $ vector Z2[H] R™ 721} D3 vector Z2[H]
Tl3% <, vector Z2JIER 2 & 2 AICBINS . FEHICIE I NG ZHEDLP D TR L »,

#16.2.4 Vector 2] DOHI % 2817 5.

(1) Mat(n,1,K)=K" | K LD % vector Z2[t] & MFIXL 5 K LD vector ZE[H].

(2) V=Rcosz+ Rsinz. ¥ R L vector Z2[H]TH 5.

(3) B K EDn XUUTD v DLEAEMEZ Ko, L30T, THFE@EDH & scalar 5123
LT K LE®D vector Z2[HTH 5.

(4) K QU)={a+bilacQ beQ} 1T Q LD vector ZZ[H]TH 5.

(5) QW2 ={a+b/2|acQ, becQ}1ZQ I 2KILD vector EMTH 3. {1, V2} IF
1 ODHTH%.

(6) b5 Jufk Fs EDOLIHK 23 + 22+ 1 3BEITH 2. ZNDOR o O F; LOFHAD 4K
Fs(a) (& F5 ED vector Z2[E]TH 5.
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EEK6.2.5 Vector Z2[E] V DT HEA W X

S1 0eW,

S2 u,veW ZolfutveW,

S3 ccK,ucW Z6lilcuecW

D 3Dy EEZ, V OETZEE THD EwIiENns.

f6.2.6 K LD vector 22[H] V OB 2EH W 1%, K ED vector 2] TH 5 2 & 2.
ZDZEDS,V OFTEEG W BV ICBITEME scalar f5ICBAL T, vector B[22 T 2 EEDR W BV D
WaZEfTH 5 LIRS I b 5.

BIRE6.2.7 A< Mat(m,n,K) DL E XD W I K" OFI2ERTH S Z L x2mt
W={z|Ax =0}.
B 625 D 3 DDOEMZMERTIUT L.

(SLIZDVT) A0=0THB26 0 W TH2.
(S22 )z, yeW £T5L Az =0, Ay=0. kDT

Ale+y)=Az+Ay=0+0=0
ED,x+yeW TH 5.
(S3IZ2WVT) zeW,ceK &3%¢L Ax=0THo056
Alcx) = c(Ax) =c0=0
ElD, cxeW THS.
BIRE6.2.8 KD W I3 R® DEITERTH 2 Ho i k.

3 2wy — =0
O)W:{weR3 A o }
1‘1—41'2+5I’3:0
3$1+2$2—I3:2 }
—4$2+5[E3:1 ‘

@)W:{mew

ﬁ(UA:{? i_;]k%H@WEﬂwmeO}k%ﬁ%ﬁ%ﬁ&?ﬁi%ﬁﬁ%

MTh 2. H5wiE, HEEIC 6.25 D 3 &MZ2HEREL TH L.

2) A0:07é[ﬂ THEHS, HERTIEE . BARIC, fBD 2 KL Z0H S
ZNz/mLTH K.

Bl 6.2.9 XKD W & Rlz]s DHIT2EMICZ 2 0B 2T K.

(1) W ={f(z) eR[z]3][f(1)=0, f(2)=0}.
(2) W={f(z) eRlz]s| f(1) =2}
@)M/z{fmﬁ Rlzls |2 f'(1) +3f(z) =0}.
B () W aEtcds.

mtvu YT,

( %
(3) W IEH5%2HCH 5.
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EFEG6.2.10 V R K LD vector Z2[HT, W, (1 <i<7r) 3V OFTREMED & Z, FE
{w1+—|—wr|w1€ﬂ/z(1§z§r)} J‘B %Fﬂf%% Eﬁ ) u.n%f Wl,"’,WT

DM EFY W44+ W, 03 ZWi TET.

i=1

f6.2.11 LD 6210 TR Wy +---+ W, BBV DETEETH S Z &2t

B Y M E 6.2
6.2.12 XD W & R® DFRITZEMIC 7 % 2002 i~ &
41 — 29 — 323 =0
x1+3x2—5:1:3:0}'
41 — 19 — 323 <0
1+ 3xy —0ox3 <1 }
201 — X9 = 2x3
1 + 219 = dx3 }
212 — a2+ 232 =0
r1+ 2x9 — brg =0 }
(5) W={xeR®| 2+ 22, —553=0 }.

@)W:{wew
@)W:{wew

@)W:{mew

M)W:{mew

6.2.13 XD W (¥ Rz]y DEDZEMENC 72 2 B2~ K.
(1) W={f(z) eR[z]5 | f(0)=0, f(2)=0}

(2) W={f(z) eR[z]s | f(1) <2}

) W={/f(z) eRlz]s | (x = 1)f(x) + f(x) =0}.

(4) W={f(z) €R[z]s | (x = 1)*f"(x) —xf'(1) + f(z) =0}.

6.2.14 6.2.5 DM S1 ZRDOFEMETEESIEATH LW EZ2RE
S1 W IZZELTIZ R\,

6.2.15 V % K E® vector ZER L. W, & Wy YV OFZEMTHZ LEE, WinW, b
V OETEEITH B Z L 2.

6.2.16 R® OE2EM Wy, Wy T, Wi U W, 25 R® D22 Tl Z 2517 XK.

6217 V%KL@ vector Fﬁﬁé'_'ﬂ_cl: W1 & Wy 7}))‘/@‘[’5 %Fﬁf%%}_g{ Wi U W, i
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6.3 1 RMIZE 1 RERE

2T 1IN E 1 RFEIEIZT D WL TEES.

E£#+&6.3.1 V 2K K LD vector ] & T 5. uy, ug, -, u, €V ITDWT
aup+ -t e, (e, o0, e €K)
RHRAE u, ug, -, u, D1 KEES WS

6.3.2 6.3.1 DRDV D vector ZRT I &% (6.2.1 Zfi>7T) MERE X.

EF6.3.3 K K LD vector 2%l V IZEWT, uy, ug, -+, u, €V ZEN5.
(1) 205D vectors IZPHT %

aui+ -+ cu, =0 (¢ -+, ¢, € K)
%5 DBERRE u, u, -, u, D 1 RER EFESR. L CIT, 1 RBIR

Ou; +-+-+0u, =0

Z B 1 XBIGR & v,
(2) vectors wy, wg, -+, u, € V SHMHZ 1 KEIR L K720 EZ ) 2015 D vectors &
1 XM ThH B EVIFIN5.
(3) 1 KAV T2\ vectors (& 1 XPEE TH D & widins.

B6.3.4 wy, us, -, up, 51 XIEBTHZ7-DITIE, uy, Us, -+, Uy, DIBLPLESL 1 DOD
vector 2MED n — 1 D vectors D 1 KFEGETEIT S Z LB ELS3TH 5.

f16.3.5 wuq, ug, -+, wp, D51 KT, u, uy, ug, -, up D51 XIEBERS 1w 1X uy, wg, -
u, D 1 XFFHTEHET .

Y

#E6.3.6 V @ vectors D 2 DD {wy, uy, -+, up }, {01, 09, -+, v, } ITDVOT,
(1) vy, Vg, -+, v, DENDD g, uy, -+, uy, D 1 KA TEHEIT T,

2)n>m TdH s

%ol v, vy, -, v, X1 RIEBETH S,

SEBA H S HHTZR ¢, ¢, - -+, ¢, DI
a1+ cve+ -+ v, =0
ZWi7z T ERAT. SF (1) 12k D A e Mat(m,n, K) 2FEL T,
(v1, Vo, -+, Uy ) = (U, Ug, -+, Uy )A

L5, ZDEESEME (2) 6

Az =0
FIEEHAR 2RO, 2D 1 0% 21
2
C = .
EETIE, INRDZBDTH 3. En O
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%6.3.7 V D vectors D 2 DD {uy, uy, -+, Uy, }, {01, V2, -0, Uy} ITDOT,
(1) vy, vy, -, v, DENDD g, uy, -+, Uy, D 1 KFEETEHEIT T,
(2) V1, U2, '+, Uy 753‘ 1 ﬁéﬁ}\j

olEn<mThb.

SEEA H LD n>m THIUE 6.3.6 1K, vy, v9, -+, 0, BT XIEBERD (2) BEEI N
TLESDT, n<m TRITFNIEHRS 0, O
f 6.3.8 Vectors wy, ug, - -+, u,y, 3 1 XML T, A € Mat(m,n,K) D& E,
(u17u27 aum)A:(Oa 07 70)
Ol A=0THs. IN%xRY.
B 6.3.9 Vectors uy, ug, -+, u,, 2351 XM T, A, B € Mat(m,n,K) D& &,
(’Uq, Uz, -, um)A = (uh Uz, -, um)B

%51 A=BTbH%. Zhznt.

EEME 6.3

6.3.10 W; (1 <i<r7r) 2% vector Z2[H] V OFZZR2HID L & £E Wi+ + W, FES ()
E9%) WiU---UW, IZJBT % vectors D 1 XFEEDRE (Vo £93) Ifhimsrnwl s
i ca
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6.4 BRK 1 RMIH

E#E6.4.1 Vector 22 V EHNES X CV G~ E¥ k. L, X IZ@/T 5 r
fHD vectors 23H D, ZN 613 1 KIMNZT, 202, X DEAL r+ 1 fHD vectors b 1 KHE
ETH2%61E, r 2, B X ORK1KPGTE EWPRI LT .

8 6.4.2 Vector 22l V IZJET 2 2 DD {vy, -+, v}, {ug, oo,y ITHL, &
Vi, o, U DU, -, Uy, DL REEEGTEHEITSZ RS

Fh {vr, -+, v, } DIRKR 1T KMVE < BE {uy, -+, up } DK 1 KL

SEER ADfEz r &L, 2z 5525, HE2MIEA~NT, 2002 {uy, -, u, } &
L 6351C&kD, INSHND {u; FZNoD 1 XA TEIPNE. 2L E K/ {v,
v, DENSD U, - u, D1 XFEETEDIPND. DT 636056 {v, -, v, Dr+1

A ED vectors 1 1 XI€fETH 5. O
M6.4.3 £4 {uy, -, uy } DK 1 KMVED r TH B0, {uy, -+, up, } DHIC

r D 1 XIS 7 vectors 23H D, D m — r D vectors 1 Z D r fHD vectors D 1 XKifier
THIT A EVBRESTTHL. Thzne.

( Hint : AFEEDOFEHICIE 6.3.5 25, TOMOFEH © £ B£E {u, -+, uy } DERK 1T XKMVEDS r DL E
THEIERBTCOYE. r AP THEILZRTDIT 6.4.2 Zfli.)

G670 DD vectors DEID 1 KR 22 TRDZDICH | fliffbaslbdons.
UKD EZRDOIT R ENTE S,
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87

HE6.4.4 R*HND 5 DD vectors

9 -3 6
3 P

a; = 1 , Q2 = _3 , Az = 9|

5 0 15

[ 5 ] 4
] B 1
M T 210
3 ~19

DIDIA 1 KIMHL r & r AD 1 IS 72
vectors K. 72, ZOMIBI b DI
DWTIE, ZDOMITIET % vectors D 1 K&
T#EYE.

8. {ai, ay, a3, a4, as} DED 1 KEIfFRE
{by, by, bz, by, by} DD 1 KBIRIFAL
WAL TH2B. Lasic, Razhkoinis, by, by,
by 1 1 RITT,

by = 3b, — 4by, bs = —2by + 5by — 3b,
DT, 1 KM RKDOME LT a, as, ay
BT, r=37ThHs. ¥7-

as = 30,1 — 461,2, as = —2&1 + 5&2 — 30,4.

87

a; as as ay as
-2 =3 6 =5 4
3 2 1 1 1
-1 -3 9 -1 -10
5 0 15 3 —19
-1 -3 9 -1 -10
3 2 1 1 1
-2 -3 6 -5 4
5 0 15 3 —19
1 3 -9 1 10
3 2 1 1 1
-2 =3 6 =5 4
5 0 15 3 —19
1 3 -9 1 10
0 -7 28 -2 =29
0 3 —-12 -3 24
0 —15 60 -2 —-69
1 3 -9 1 10
0 -7 28 -2 =29
0 1 -4 -1 8
0 —15 60 -2 —69
1 3 -9 1 10
0 1 -4 -1 8
0 -7 28 -2 =29
0 —15 60 -2 —69
1 0 3 4 —14
0 1 -4 -1 8
0 0 0 -9 =27
0 0 0 —17 -51
1 0 3 4 -6
0 1 -4 -1 6
0 0 0 1 =3
0 0 0 —17 b1
1 0 3 4 -6
0 1 -4 -1 6
0 0 0 1 -3
0 0 0 0 0
1 0 3 0 -2
0 1 —4 0 5
0 0 0 1 -3
0 0 0 0 0
b, b, by b, by

@ x (=1)

@+ x(=3)
@+0Dx2
@+ @ x (—5)

1
@ X 3

@+ x 17
O+® x(—4)
Q@+
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191D BEEL (rank) DEFE rank(A) = “ A OO FRT DML 2B OHMIH. i
DWW, RBRYSLODTH D7,

iRl 6.4.5 RDBIRHIL D 37D -
rank(A) = A DFI vectors DK 1 KI7EL
= A DAT vectors DI K 1 KIRVEKL.

SRR DG T 6.4.4 DENSTRENTOD S, 2 0FFEERE ). A OffiftE B &
L, A DT vectors DK 1 KIMZE % r, B DT vectors DI K 1 KM %Z s L8 K. A
5 B NDITORERZ 2 UL B D&AT vectors 1 A DT vectors D 1 XAEHTHEIT %0
5,642k D r>sTH3. —H B1o ANBITOHEALEHETHRNLEZDTHI15 r<s
THY, fifmr=s THRITUIRLR . s B OFRTOMMENEL <, Z3UE rank(A) I
fliZe & 7. O

W 6.4.6 A% n XIESTHIET 5. RixlAME
(1) A FIEAIfTHI.

(2) A D n DI vectors (& 1 KIRZ.

(3) A D n DT vectors 13 1 RIRAZ.

SEEA 5.6.1 & D ADIEHITH 2701213 rank(A) =n TH 2 Z EBBEFFTHS. 2
6.4.5 12X D, A DI vectors IZDWT, ZDiK 1 KIZEDS n, Bl , A DI vectors 23 1 XK
MV, THHILEFAMETH 505 (1) & (2) DRI Tz, T vectors 1TV T H A FERITR
SN (1) < (3) b2 (Tl 6.4.7). O

f96.4.7 6.4.6 D (1) < (3) ZAHHE k.

inRd 6.4.8 ( LD —TME ) G677 AT DEFALIZ—FIICHES 5.

SEBH 55747 A ITKL, 6.4.4 TITO7ERIZ, A DI S 785 vectors IZDWT, /D
SIHICELZZLT 257 1 KOO L6, ZDHE 1 XEARE AT, 15607 1 kB
FRIZR DB B 2 G AT 0 6 IRIEINIZ A DI 5 72 5 vectors IZDWTD I DFIET
D 1 REARD—BIIEon 5. 20 1 XEIRDIRED A OFFKIt B O %ZED 5. —H,
A DRI B 35~ E, ZDHN 5675 vectors D 1 XBIRIZ A D vectors D _LED
DREFIETH O NS 1 RBHRE 5%, 2T, A Offifuftiz —EW TR TUIh o kv, O

M8 6.4.9 wu, -, u, = 1 XIMIZ7% vectors & L,
(U1,"',Un):(u1,"',um)z4
EHFITTHBETE. A DI vectors Z ay, ---,a, £5T5. TDEZRVBKYIID
(1) vy, -, v, Eayg, -, a, WIEALT 1 REERDRD 32D,
(2) m=nDEZF vy, -, v, V1M THA7-DI1TIE, A BIEHITIITH 5 2 LD3db
P nThb.
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ZERA vy, v, -+, v, DY 1 KBEAMR

vy + U + - + v, =0

C1
Ziizd e k. e= || &L
Cp,
0=c1v; +cva+ -+, = (V1, Vg, -+, V)= (U, U, -+, Uy) AC

THDHD, uy, ug, -+, Uy 1F 1 KMTZDS 638 I12KD Ac=0. £DOT
ciay + czas + -+ +cpa, = 0.

WIS THS. (2) 13 (1) & 64.6 DD 5. O

BIRE 6.4.10 KD Rlz]s D vectors DHLIZDOWT, Z DK 1 KIIE r & r KD 1 KAT
7% vectors 7 1 fHR®, I 512, D vectors Z Z4L6 D 1 KiEH THEE.
filx) = —2+30 — 2+ 52°,  fox) = =3+ 20 — 322, fy(x) =6+ x + 92 + 152°,
falx) = =5 +z— 2> +32°,  f5(z) =4+ 2 — 102> — 192°.
B fi, - fs & Rlz|s D 1 XMV2% vectors D { 1, z, 22, 23} D 1 XFEHTRITEL,
2 -3 6 -5 4
3 2 1 1 1
-1 -3 9 -1 -10
5 0 15 3 -—19
OO TH B2 A=[aiarasasa5] £T5. {1, 2, 2% 23} 1T 1 KM TH
205,649 12X0D fi, - fs D1 XBERIZar, -, a5 D 1RXBERE KT, #5T ay,
cas D1 RBERZFARNUET L 0D, 261 6.4.4 D vectors ZIHIZHR7zH D LRI TH
5. XOT

(fl; f27 f37 f47 f5) = (17 T, x27 xB)

ai, ay, as ¥ 1 XML mRKDOMD 1 T,
as = 3a; — 4ao,
as; = —2a; + 5as — 3ay
TH%. ZhwWwa r=3 THE
fi, for fa2 D3 1 XML KOO 1 DT,
(&)  fs=3h—4fs,
fs=—=2f1+5fs—3fs
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EEME 6.4
6.4.11 XD vectors DAHIZDWT, 1 KM i KO % KD k.

—1 3 11 2 —12 -9

4 0 -8 -3 -2 10

a; = 9 , Ao = _5 , A3 = 19 , Ay = 1 , Q5= 29 , Qg = 95
-3 2 12 6 —1 —6

6.4.12 R[z]; DI
fi(x) = =2+ 32 — 2 +52°, folr) = =3+ 21— 32%, f3(r) =6+ x + 92% + 152°,
fa(z) = -5 +z—2°+32°, fs(v) = -4+ — 102> — 192°
ZENDL. TS D vectors DALDOHT 1 TN e KM% r 2K K. [FRHC » D 1 XH
3.7 vectors ZFE O L, LD vectors # Z 415 D 1 XfGETERYE . (Hint : 6.4.9).
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6.5 BEERTT
V ZfR K LD vector 2%t L. uy, -, u, €V O K ED 1 XEGOEE W XV OFF
FRMENCR . W 2, 26D vectors T (K L) ZEE 2 vector Z2[H] & ML,
(wy, -, u, g F720E BRI (uy, -, u,) HE2VIE Kuy+ -+ Ku,
THT.
f6.5.1 LElD W BHEEIZ V OFSERICR S 2 L 2Rt
V 2k K LD vector 221 & § 5. BCV 2RXRDOMEWEZR>HRHITHEEG LTS !
Bl. B IZJET % vectors IF 1 XIMIZ (1 sz,

B2. V i B IZJEY % vector(s) THRI LD (LML)
O BOMFET AL E, VI ARIIC TH S &,

f6.5.2 LORARES B I ICE (FET L) W OLEET 205, 2 DEZDMEEX
HELWIZ L 2RE.  (Hint: 6.3.6 2ffis. )

E&6.5.3 FLORUWDEEZ, B2V DK (H50IiFHE) LS. B OEREOMEED n
DEZ,VDRILIEFn THSLEML,

dimgV=n (F&& BEBILBPELZVED K #2880 TdimV =n)
EELT. 35 vector DAD 5 7% 5 vector ZE[H]IZ 0 RILTH D, ZN % FEER T 5.

$16.5.4 Mat(n,1,K)=K" i K L® n XJt vector 2Z[H] (FFLD 6.5.8).

$16.5.5 V =Rcosz + Rsinz. 1 R D 2 It vector 22 TH 5. W =Rcosz 13V D 1
RICDEITZEEITH 5.

$16.5.6 4 Q(v2) ={a+bv2]acQ, becQ}1FQ k2 RILD vector ERITH 2. {1, V2}
X1 20HETH 5.

Ble6.5.7 5 F; FOSHER 23+ 20+ 1 ZEERNTHS. ZNOW o D F; LoD
& Fs(a) 13 Fs 2D 3 R0 vector 22 THDT, 1, a, a® 13 1 fHOKETH 5.

EEG6.5.8 % jICO0T, 5 j AW 1 TZOMDETDY 0 TH S K = Mat(n, 1,K)
(6.24 2M) DILZ e; LFLT :

1] [0 0]

0 1 0

0 0 0
€= . , €2 = : y T, €np = . )

0 0 0

0 0 1

INo %z BER vectors LS. F72 {er, -, e,} 13 K" DHEZ2ZLT2, Tz Kt D

PRMERL &5

—HIZIE vector ZRE]DEEDENTTIZ VL Db H 508, ROEHIZ, Bz KT % vector(s) D
fEEIE—BWICEE S 2 L 2T,
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EME6.5.9 V % vector Z2HE T 5. V OHEZHEET 5 vector(s) DEEUIEEDIENSTIC
K7L 230,

SERR wi, ug, -, U & VY, Vo, e, U, DTV DIETH B LXK vy, vy, -, v, 1w, us,
Uy DL REEETEITL . n>m THDHETEE,636I12KD v, vy, -, v, 1T 1 RIEE
ERYD, FETHE. LOoTn>m. 22 Tuy, Us, -+, Uy, & V1, Vg, -+, U, D% ANV
AT, [kOERZ TIUE, n Sm 285, kO Tn=m T TERo6k\Ww, Bb, HEEE
% % vector(s) DIEEUL, FDFENTTITHK S 7o, O

EIE6.5.10 V % vector 22 LT 5. V BERIXICTH 57D, V O 1 KMV K
BOHIRTH 2 2 BB EATTHS. TDEZ, RV D
dim(V) =“V O 1 ZM i KRE.

SEEA dim(V) =n £ 95, V IZE n 8D vectors 225 %2 2 FEBFET 5. n+ 1 HEL ED
vectors D EA LY, ZDREIZJFET S vectors D 1 KAEETEHEIT50056,6.3.6 12X D, 2Dl
X1 REBTHS. DTV O 1 RMIRABE n TH S
CIGE) iz n &L, uy, ug, -+, w, 2 1 K772 vectors DL ER K. EED ue V IZD
W, u, ug, Uy, e, Uy 1E 1T RPEETHED05,63512K0, uldug, uy, -0, u, D1RKEES
TRINSG. T u, uy, -+, u, WETHEIEZERL, dim(V)=n TH 5. O
-2 -3 6 =5 4
3 2 1 1 1
-1 -3 9 -1 -10
5} 0 15 3 —19
fRzef] W={xecR’|Ae=0} OXIu& 1#HDHEZRKD k.

BIgE6.5.11 175 A= EouC,

10 30 —2
B Al 644 OFFIC 4 _ | 0L =05,
14 0FFITH Y, ol B=| o o oY | »s,
100 00 O
—3¢c1 + 2¢9 -3 2
4cq — bey 4 -5
T = c1 =0 1| +c 0 (c1, o €R)
3¢y 0 3
(6)) O_ 1
4%, 22T
-3 2
4 -5
u; = 1 , Uy = 0
0 3
0 1

ERCE, NSk 3TEE 57 (iR B TERS 2R BVINICHIG) 2% LT
1 XML EDD D, up & uy FW ZERT 206, 2063 W OHETH), dimW = 2.

92



§ 6.5 2019 4¢ 9 H 17 HAl 93

BEZER D RITT
6511 DORD I EVBRG IO S,

EHE6.5.12 Ac Mat(m,n,K) £ 5. FAXEOH 1 XGEN Az = 0 O fF2E[H
W={zcK"'|Az =0}
DRICIIFRATHE~NGNS
dim W = n — rank(A).

f6.5.13 6.5.12 ZHFHE k.

f16.5.14 dim (uy, -+, wp) & {uy, -, w,} OWK1RMIZHITEFEL I E2mE.
f6.5.15 dimV =n £35%. VD nfHlD vectors vy, -+, v, IZ2WT, XD 3 FHIEFME

THbILERE.

(1) vy, ,v, 1TV ODEETH 5.

(2) vy, e, v, 1 F 1 KITH S,

(3) vy, -, v, 1FV ZEKT 3.

#16.5.16 A K LD n XUTD z D%HAEAEZ Kz, Lidd. JUIHEDM L scalar
fFICBIL T K ED n+ 1 XILD vector 22 TH 5. PI~NE W = { f(z) € Klz],. | f(1) =0}
ix Klz], D n RITOEHTZEMTH 5. HEIZ 6.4.10 DFRICL TRD S S,

= E MR 6.5

6.5.17 1741 A %
-1 3 11 2 —-12 -9
4 0 -8 -3 -2 10
2 -5 —19 1 29 25
-3 2 12 6 -1 -6

TEDS. R W, = {x € Ro|Ax = 0} OXItE 1 floXzkod k. S5ICEA
Wo{Ax |z c RO} 25 R* O EMTHZ I 2R, ZORILE 1 loHZRD k.

A:

6.5.18 ( FDIER ) W ZHRKIC vector 22[H] V OFRTZEME L, W OF wy, -+, w,, 23
Ao Thsb ek ZDEE, #HMICTV D vectors Upi1, -+, U, ZIHEAT Uy, -+ -, uy, D3
V DRELBRICTE S Z L ERE.

6.5.19 Vector Z2[H] V @ 2 DDEI 24 W, & Wy DN Wy € Wy & dim W, = dim Wy D
BIRDIE DI DD EEZ, W, =W, THD I EZ2mE.
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6.6 REEBEEHIITI

C O/NE, BERIVICIIAZETH 5. Lo L, MR EEREOME 2 —BL L T, Z D
DHHHE D, FE DHERZ BB T B 10T T 7z

1141 M DERIETH M DI 2 HEDNAFIW AT D D2 REITH] ST &L, "
o R el S 1/ EON 7 4

"T—=1 5 4 7T 3 4
[ 2 =3 3]2[1 -3 5].
0 17 0 2 -1

£ 7, "B DMERATIITH 5175 B % REREMFIATI] EWR T EICT 5. W, K K Fo
VL1 RGN Ax =b % 5.4.8 DRGSR GHIBEIED TR E T 5 &, iRl
{clu1+---+crur+a}01, S, G GK}
DRI TRONS. 2212wy, - u,, a 3% KITET5H25EE D7 vectors TH
2. ZOLE A [ur - u, ] EREEEGGIITH S,
X T, 20T note ZHSERICRDZ LR L 72w, BIL,

#R6.6.1 —ITH B vector Z2R]DFELHN HFER DR & DERIZ > DD DEL vectors
DA D VTRORT 256 (MPEHEMEOME 2 L) &, FEHIE LTZN56 D vectors
EMIC AT AT DS EFITINC G 2 b DZES I L L Licw, L, BEDH vec-
tor(s) DEATICHEB TR WEBEBDE TN 5G1E, 2D aRE 1D 7o il e B % B
BETHHDORERT 5.

Bl 6.6.2 ZDORHIZHENIZE, BI~NIE

18 10 1 3
—31 —13 -7 -2
b beR =8 b beR
15 + 5 a, b€ a 5 + 0 a, b€
5 3 0 1

Lilsns.
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7.1 BEEH

Vector 22[H]5> & vector ZZHNDEBRT, ZNZND vector 24 & L TOHEE 2 ROEHIZD
WTHES.

EET7.1.1 (1) U,V 2K K LD vector 221 & 5. BRT:U — V H3, RDOFEM L1
L2 2T EE, T I3 K LOMIPER TH 2 Lwvidhs,

L1 fEED u,ve U IZNLT T(u+v)=T(u)+T(v),

L2 fEED u,cec KIZWL T T(cu) = cT(u).

(2) U DFTXTDOILZE V D vector Oy ICHTEHRIZFZGH LTI, K _LOMIEEH
Thsb. T O i3 s.

712 &M L1 L2312 FEdT
L fBD u,velU EfEEBD a,be KIZWL T T(au+ bv) =al(u) + bT(v)
LESHATH LW, 2D LR,

BIRE 7.1.3 IEEERIZZE vector %25 vector ICET Z & 2%,
SEBA 7.1.1 ©FdS T, T(0y) =T(00y) = 0T(0y) =0y 75005, O

M7.1.4 AcMat(m,n,R) DEE R D26 R™ ~DER T, %
Ty(x)=Ax (x€R")
ICEDERTIUL, Ty R LOBAEHRTHL ). ZhozifEdrd k.
BIRE7.1.5 R" 5 R™ ~DOER T 1%, #2472 A € Mat(m,n,R) ICXDT
T(x)=Azx (x€R")
EEITBE I ERE.
B R MR e, - e, ITDOWVWTa; =T(e;)) &L, A=[a; - a,] B, DL
Za =T(e)) THSH R"=TRe + --+Re, THYH, T IFPERTHS06, EED

DEICaceRZWMOEETZ2EE, R R 2 — ax e R IIFIEEHRTH 3.
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C1
c=ce +---+cpe, = :
Cn

] cont,

T(c)=T(cre;+ -+ cpey) =c1T(er) +---+c,T(e,)

1

=ca+---+ca,=A = Ac

n

£ 5.

Bl7.1.6 7.1.4 LAHADIEELRDHIZ2E1T 5 -

(1) ZHEAB R[z] 26 ZNHE N, f(z) 122 DEEE f/(2) 203 3581% R Lo
.

(2) Gauss £k Q(i) # Q LD vector 22 & AT, i 554 Qi) — Q(»i), a + bi — —b+ ai
X Q LoRMIEEA.

(3) %k Q(v2) % Q LD vector ZE[M & AT, 26 ZNHEAD 1 ++/2 51F Q Lok
WEHTH 5.

(4) FEIAER Z Q ED vector I EAILEE, 2N 6 ZNHHEAND 1 = 3.141592 - - - 51
Q Lo ERTH 5.

(5) HEBAK C %2 R LD vector Efi] & Az & &, HELREZMDEHRIZ N6 ZNHE A
DR FOMEEHRTH 5.

(6) A€ Mat(n,k,R) &¥ K. Mat(m,n,R) 2»5 Mat(m, k,R) ~NDEHR M — MAIZ R ED
MWILEBRTH 5.

(7) 25 Jufk Fos 226 ZNHED 5 FER o o 13 5 Tulk Fy LOEERTH 5.

EBET.1.7T T % vector 2] U SH V ~OLEHRETS. ZDLE
Im(T)={T(u)|ueU}, Ker(T)={uecU|T(u)=0y}
EBE, Im(T) 2T DK, Ker(T) 2 T D LWL,

M7.1.8 T % vector 2] U 226 [H V ~NOEEMHRE T 2. XD 2 D%ZIEHE X.
(1) T O Im(T) (& V OFDZEMTH 5.
(2) T O Ker(T) 1 U OFI2ERTH 5.
BIRE7.1.9 1751 A %
-2 -3 6 -5 4
32 1 1 1
-1 -3 9 -1 —10
5 015 3 —19
TEDS. T(z) = Az TEDSNLZWPEHHR T R* — R IZ20T, ROMICEN K.
(1) T DBALRELE Ker(T) D—FlDHZE KD X
(2) T OWE#E Im(T) O—FHDHE%E KD k.

A:
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B AlX 644 DITFITH Y, Z DKL

10 3 0 -2
01 —4 0 5
B = 00 o001 -3
00 00 0
TH 5.
(1) 2D B 55, it A =0 DL LT
—3¢; + 2¢9 -3 2
4cy — bey 4 -5
xr = c = 1| +e 0 (c1, 2 €R)
3¢y 0 3
Co 0 1
#fF%. 22T
-3 2
4 )
u; = 1 , Uy = 0
0 3
0 1

EBCE, INGIE3ITHE 5TH (A OfFNLT, TS Z R 72 WINTHIR Y 2 57) %
HZZET1IXMEDDS. Ker(T) 13 Ax = 0 OfFZEMICMZ S 205, uy & uy 28
Ker(T) ®H:TH DT null(T) = dim(Ker(T)) =2 ThH 5.

2) Im(T)={T(z) |z e R} TH 226, Im(T) 1 A DI vectors ay, - -, as 1T LD THK

SN B M S 2. XD T rank(T) X {a1, -, a5} DK 1 XM THS. 6.4.4
TR 7k, 2RI B DF vectors D THEE {by, -, by} DR 1 M7 E &

AL TH2H 5, rank(T) =3 THY ay, ay, ag ¥ Im(T) D—HOHETH 3.

EET7.1.10 T % vector ZH U 226 V ~ORIEE/R LTS, ZDLE
rank(7") = dim(Im(7")), null(7T") = dim(Ker(7"))
EEHOWT, ZNREN T @ BEE BERE & v s

B7.1.11 e 7.1.4 DEHIZE W TIE null(Ty) 13 Az = 0 DFFZERIORICTH D | rank(Ty)
X {Az |z e R"} DRILTH 5. A Offifftz B £ 91UL, Tns iz, EHDOEE
T2 B OHOMEE (DF D rank(A4)) , B, EHITOEEL R\ B ODIIDOMEETH % D>
5, ZDANE B DHIDOMEE n 1fth7e 572 (FINIF 6.5.17 2B OHE) - w212,

null(Ty) + rank(7T4) = n.

CDHIFRDIRIT X Y —#I B TR Y 3L ZOUEH LM ENn 5.

EME7.1.12 ( XouwE ) T % vector 2 U oA V ~NOFIEEHRET S, DL &
null(7") + rank(7") = dim U
DI D 3.
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BEEA null(T) =7 & L, Ker(T) D {wy, -+, u,} & 5. £, rank(T) =5 B E, Im(T)
DI A{vy, -, v} LD IHIC Uy, Uy, €U Z
T(ur1) =01, 5 T(Urys) = s
ERDIRIGES. 216 r+ s D vectors
(7.1.13) WUy, U, ~+ y Uy Upy1, * Upps

WU DFEER D T EIWRINIUT K 0.
B2 (EpfE) 1IZ20WT. EED u e U IZOWT T(u) € Im(T) THE2 5,

T(’U,) = bl’l)l + -+ bT’US
LEEE. ok

T(w= 3" b ) = Tw) = 32 0T (wns) = Tw) = 3 bjo; = 0.
j=1 j=1 j=1

w212
u— Z bju,; € Ker(T).
j=1
£OT
u — Z bjurﬂ = Z a;U;
j=1 j=1
EERE D, iR

r s
u = E a;U; + E bjuqurj
Jj=1 J=1

E7% 0 U X (7.1.13) D vectors THRI N 5.
B1 (1 &4l7) 12w T WE (7.1.13) D vectors 12 1 XBIR

(7114) Z CL]‘U]‘ + Z bju,urj =0
7j=1 j=1
Bholtw k. Iz T TEXIX
Zaj T(’U,]) + Z bj T(ur+j) = 0,
j=1 7=1

. O—l—ij'vj =0.
=1

WRIZ b = =b;, =0 THRIFNITZRS R\, Tk (7.1.14) X
(7.1.15) > au;=0
j=1
%5 2T ay=--=a,=0RIN, (7.1.13) D vectors 25 1 KMV TH 5.
PLEICX D (7.1.13) D vectors 13 U DETH 5. O
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99

BIRE7.1.16 #EEHR T : R — R3,

39 4 2
T(x)=Az, A=|1 3 -4 6 |x
26 15
IZOWT, RERD XK.
(1) Ker(T) @ 1 flo & null(T),
(2) Im(T) @ 1 DL rank(T).
B 175 A offiffbz R % &
130 2]
B=1001 —1|(=[bbybsbs] £EL)
000 O
5. £OT -3 -2
Ker(T) ={x|Ax =0} = {cius + couz|c1, o € R}, uy = (1) , Uy = (1)
0 1
{ug, up } 1F 1T XML TH 206, TNoD Ker(T) D 1 DDHE%z2 75 L, rank(T) = 2.
F7,{by, -, by} DIRARD 1 KM E LT {by, by} 23N b5, Im(T) DEEE L

4
—4 :| } BENT, rank(T) =2 TH 5.
1

, a3 =

3
¢ a; —= 1
2

<

EEX7.1.17 K LD vector BRI U 2056 V ~D 2 DDFIEER Ty, Ty EEB ¢ ITRL
M T, + T, & scalar f5 ¢TI} 245 w € U IZ2DOWT

(11 + T3)(u) = Ty(u) + Tr(u), (cT1)(u) = c(Ti(u))
HBLDELTERT S, #62T, bb2A (Ty — To)(u) = Th(u) — To(u) TH 2.

B7.1.18 LD 7117 1BV TTi+T & Ty BRI EHRTH S Z L E2RE.

EERT1.19 TV = Vo & S: Vo= Vs BEQIHEEBHRDO L E, 206 DERE/ SoT
LRGSR TH 2 (1D k). 2z ST LT,
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§7.1

EEME 7.1

7.1.20 ROEHRIIFILELR D, Bz 1 TEN L.

3y — 2wy |, 9
(1) T(:::):z_%lJrzx2 . R? 5 R,
2) T(x) = 3;_*;522;21 . R2 - R2,
(3) T(x) = | " J:22:c2 TR S R2.
(4) T(f(x)) = f"(x)x + ['(z) : Rlz]s — R[],
(5) T(f(x)) = f"(@)z + f'(z) + 2 : Rlz]s — Rlzls.

7.1.21 ROEHILEMR TI1I2o0WT, KD (i), (i) DZFNFNZRKD X

(i) Ker(T) @ 1 fDHE null(T).
(ii) Im(T) D 1 fHDEE rank(T).

(1) T(x) = Az : R° >R3> {HL A=

(2) T(x)=Az : R° > R* {HL A=

(3) T(x) =Az : R" - R* fHL A=

3 15 —-12 8 13
2 10 -8 -2 -6
-6 =30 24 7 20

1 5 5 2 9
-2 -1 -8 3 2

o 2 -4 -1 7

3 1 13 -2 -7

1 -3 =5 =23 —-19
-2 6 -8 —44 -16

0 0 —4 —-20 —-12

3 -9 3 21 =3
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7.2 Vector ZEEDEE

Vector ZZRIDFRIDBE &I, Z D note TSI TR\, FHEARN LR FHLD TR TEL.

EE 7.2.1 Vector 22 U 206 Z NAH~DOEEGRE [ =1, T£T. U,V %2 K L
D vector M ET 2. U6 VAD K EOBEER T IZ/HL, V 206 U~D K L
DIIEERR S DSFEL T, TS = Iy, ST =1y #2723 &E3 T 12U 5 V ~D K
LOFRMEEH TH 2 Ewidn, S 1T O MELR EMENn T-1 EFD»5. Vectror 22
V 25V AEANORBIESZ AR H] L s

MEET7.2.2 MIEEHRT : U —VIZOWT, XD 32 FAETH 3.
(1) T 1ZH4}.

(2) Ker(T) = {0y}.

(3) dimU = rank(7T).

SEEE (1) = (2) 1EH S 2.

(2) = (1). T(u1) = T(uy) 5\, T DEFEEIC XD T(u;—uy) = 0y, IKEIC LD uy—uy = 0.
DF D uy = uo.

(3) < (2) X 7.1.12 X h bbb 5. O

B7.2.3 U & V I3 vector Iﬁaﬁfz}@f)f dimU = dimV &¢3%. 2L E, MEER T -
U—V BRMERTH 27121, 7.22 DFEHED END (EDTTRT) il d 2 L2504
FoThs I L2, (Hint: 7.1.12 2fs.)

3 BATHI &GS TdH 508, WELIZAEL A,
TS % ST RAKEGHRZEKT 5. 7.1.19 22,
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7.3 WEBEKRORERTI
22Tk, ~MofIEEGRIC T OMERE EH T 5 701, SIBER T RO T 5. 2
® note Tl, n XRDOIEHIITHI D4k %
GL(n,K) = { A € Mat(n,K) | det(A) # 0}
EELY. F7, BB VD vectors ZWARZH D%

(ula Tty um)
EEd L, W UHED vectors ZWR7bDE a,be K ITDWT,
a(wy, -+ Uy) +b(vy, -, V) = (auy +bvy, -0, auy, +buy,)

DIRLEHF ST, 612, A= [a;] € Mat(m n,K) IZ2WwT

m
E a1y, - E aznun) 'LL1, Ty um)A
i=1

EVAELEZ VS

EET7.3.1 U &V 2K K ED vector 22l & L, T % vector 22/ U 226 V ~D
MIEERET S, U DX {uy, -, u,} &V DX vy, - v, ZIROTEL. DL
E T(w), -+, T(u,) F2OND Im(T) DILTH 5025, uy, -+, u, T 5. WELTS]
A € Mat(m,n,K) 2M#1EL T

(T(ul), cee T(un)) =(vy, -+, vm) A
EHITE. CDEtE AU OH {uy, - u,} EV DE Aoy, - v, KBTS T D
ROTII LA

B17.3.2 T=T4: x+— Ax (7.1.4 OFE) ITOWTIE, BHEILZ U, ZBTH1IZ A 2D
DI SN EBb1 D

BIRE7.3.3 T : Rz]s — Rz, %

T(f(t) = & f(x) + f(20 — 1) — f(2x + 1)

TEDD. TDEERDIPENL.

(1) T DB Rlz)y IC&EEFNET 2R, T BMIBERTH S 2 L z2ne.

(2) Rit]; DH%Z {1, z, 2%, 2%} £ L, R[t] D% {1, 2, 2?} L LT, T ORBUTIIZ KD k.
BB (1) 3RS0 TAHART 5. fHLREIE 0 -1 0 -2
(T(1), T(z), T(2%), T(z*)) = (0, —1, —6u, —21x2—2) =, z,22)|0 0 —6 0 ]

0

0 -1 0 -9 0 0 -21
El 206, HHUTHIZ [0 0 —6 0] ThH5.
0 0 0 —21

CHATAIDORICBI L THE (MU 1) T#%) THH, K LD n X BHUPHE LN 5.
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EET.3.4 (FHOZHTH ) U 24K K LD vector Z2[H & 5. U D 2 fHDOH

{’U,l, Ty 'u'n}a {ulla ) 'u'/n}
EROTEL. s DMK, H21E5175] P e Mat(n,K) 12X D
(ulla ) u/n) :(ub ) un)P

EFITE. CoLE P 2RO LT LS. 649 26 PeGL(n,K) TH 5.

M7.3.5 K LD vector 22[] V & uy, -+, u,, € V £ A € Mat(m,n,K), B € Mat(n, (,K)
DWW
((uh’u’Qa”' ,'U,m)A)B - (u17u27”' ,'U,m)<AB>

ThHsHrILzmnt DRIZZOAZ (u,uy, - ,u,)AB TET.

BIRE7.3.6 2 ODKIEEM T . U -V & SV > W KU O {u,ug, - ,u}, VO
H Ao, vy, v, ), W DI {wy,wy, -, w, } BEANSNIEE X TRHDHICBELTT
DERBUTINZ A L, S DERBUTIIZ B L35, ZDEE, ST Do DRI 5E£BT
1% BA TH 3%, Zhzmnt.

(ST(wy), -+, ST(u,)) = (s(iaﬂvi) . S(iamv))
<

LR THS. O

WmRE7.3.7 U LtV Z K K E®D vector 22 & L,
UD2HDEE {uy, -, u,}, {uy, -, uy},
V D20 {vy, -+, v}, {v, 0 V)
ZRDTEL. INLDHEDOEHTIZ PEBXIOY Q ¥ L. HIE
(U/h ---,'u/n):(ul, "',Un)P, (1)/17 "',U,m):(vl, "',Um)Q-
X 5T T % vector 22 U 25 V ~ORIEEBR E LT,
T D {uy, -, up}, {v1, -+, v, } BT 2RETINZ A,
T D {uy, -, uy}, {vy, -, v, ICBT 28752 B
¥k ZDLEZE
B=Q AP

S AB Tl3 s\,
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EIEHH B %%%’é‘a—%ﬁ (T(ull)a T T(’U,/n)) = (v/17 T U/m) B I Q @ﬁ’?fﬁﬂ?ﬂ@f
(T(ull)v Ty T(u,n)) = (,0/1’ Tty ’U,m) B = (’Ul) Tty vm) QB

(ully Tty Uln) = (uh Tty Un)P = (sz'luu Ty meuz‘>
ThHoro T OFIUEIC L DT = =

(T(u'y), -, T(u))) = (T(gpuui>, e T(gpmui))

= (Do pa T D T(w)) = (T(wa), -+, T(w,)P
=1 i=1
Y% 2T A DERDONX (T(wy), -, T(uy)) = (vy, -+, v) A ZRATHUR

(T(u'y), -, T(y)) = (v, -+, v,) AP.
2Ty, Uy D1 XML 63912KD
QB = AP
215208, Q XIEHITH 2 o TEDOX %215 5. O
BIET7.3.8 U—R? V=R A= [ _? _; _1 } LU BIVERT . U -V % T(z) — Az

(xelU) TEDS. ZDLE

onfoe ] 3] 3]}

vor {n=| 3] n-[ 7]}
B2 T ORBUTI B 23K K.
B U OBEERZ {e), e, e5} &L,V OEMERLZ {e], ey} LT 5. T(er), T(es), T(es) IF
A DF vectors IfB72 & 7\ 6
(T(el), T(es), T(eg)) = (e’l, e’2) A
D, IS DIEMEFLCEET 2 T ORBUTINE A ZDdbDTH L. —J

12 0
(al,ag, 0,3):(61, €o, eg)P, P= 0 -2 =2 s
-1 1 1

(bi, bo) = (€} &) Q. Q= [ B ]

1 2 0
N 1111 3 -1 1 2 3 —1
B=Q 'AP = = 2 = .
< 2{13H1 21}[_(1) i 2] [40—6]

£2T
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EEME 7.3

7.3.9 ROBLGHR T I2OWT, G/ HRITBT 5 £BUTHZ2 KD K.

(1) T@):{_g g ” . R® - R?

wou {[ 1] T3] [4]] won{[2] [1])

(2) T(f(x)) =22f"(x) +xf'(x) + (x — 1) f(x — 1) : Rz]; — Rlz]s
Rlz], DIE{1+2, 1 -2}, Rlz), D& {2, 1+, z+2°}
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7.4 WEEBREZFORETI

Vector Z2[] V 206 V HENOIEES % SIPEHL LW, 2o & ik, EFEELTD
V ORELMESE LCTDOV OIEEFFRCbDZWEDBHARTH 506,V O {uy, -+, u, }
BEDIEEZIDIRICET S V OIEEE T ORBITH A %2

(T(ul)a Ty T(un)) == (ula Ty un)A
WCEkDOTERTS. 737 X hX%2H 3.

WRE7.4.1 T2V OBIBEEL L {uy, -, u, b, {v1, -, v, } ZV D 2/DHFLET
5. 2o DR DOBR%

<v17”'7'vn):<’u’17 7un)P

7% bb5A PcGL(,K) THS. S6IT D {uy, -, u, } KT 2RBUTI %

B =P 'AP.

w%z4zA:{z ?}aL4wam$@veﬂ@@ﬁ%%@fﬁﬂm@:Amfﬁﬁﬁ

3.V Ok {h:[_ﬂ,br=®ﬁ}}

ICBI9 % T ORBUTII B 2R k.

BV =R2OEHES e, es} & {by, by} DEARIZ (w1, uy) = (€1, ex) P, P = [ _? _1 ]

Thsb. £OT
B::PAAP::1{1 11{5 2]{ 3 —41::{10 —3]

201 3][2 —-1][ -1 1 17 —6

BIRE 7.4.3 Vector 22 V = Rlx], DL T %
T(f) = (f"(z) + f(0))2® + f'(x)x + f(1)
LEDD. ROMIZENK.
(1) T 3FEEEIC V ORIPLEIATH 5 2 L 2,
(2) V OHk {1, x, 2?2} I 2 T OEBUTSI A 2K K.
BYV OF {120 +22 14z, 22} ICBIT 2 T OXRBUTII B 2Rk k.
B (1) 13807 5.
(2) 2oHEDZILE T THEIR
T)=1+2* T(x)=1+z, T(2*) =1+42>

£2OT

111
(T(1), T(z), T(z*) = (1, =, x2)[ 010 ]
10 4
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£2T

1 11
A=10 1 0]
1 0 4

B)H{—-1—-20+2% 1+z 22} 25 {1, z, 2?2} TEEW

-110
(-1 —-20+2* 14+, 2=, 2, 2))P, P=| -2 1 0].

EoT, kD BFHIE (P! 2EHELQ)

1 -1 0771 1 177110 01 1
2—10”010”—21o]=[—232].
1 11 10 4 101 303

= 0, € Kt] EIEAATHI A € Mat(n, K) 1200T, f(A) =
ZT, bBAA A= THS.

B=P'AP =

EFET7.44 WA f(t)
> a; AT ERIRT S,

WET7.45 ft)Z K LDt 0%HALETE. V 2 K ED vector %W &L, V 3
{uy, - u, ) ZEETS. T:V -V Z2fBEHLE T2, LOKRICET 2 T OoRBT
Mz ALT2 ZOLE f(T) bBEAIRTH L Z LZ2RL, TNDORBUTIIIL f(A) T
HBHIEERE,

SEER miE 7118 £ 7.1.19 KD oD, BPEIRT. 7.3.6 Bl
(Tj<u1)7 ,Tj<’u,1)) = <u17 Tty ’U/n) Aj (Z - 07 17 27 )
THEHS, f(t)=) ot EBLLEE,
J

= ¢ (TV(wy), -+, T (w))

5. O
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g i
7.4.6 ROMIEEW T 12> T, GAaonIIcBT 3 ?%fﬁﬁﬂ%:ék&)ot

5 -3 3
(1) T(a:){Q -7 9]w:R3—>R3, R?’O)ﬁé{[ [
3 =35

(2) T(f(x)) =2f"(2)(x+1) = f(-1)2* = f(2) : R[z] = R
Rlz], D% {1, z, 2*}

(3) T(f(x)) =2f'(2)(x+ 1) = f(=1)2* = f(2) : Rlz]> = R[z]s,
Rlz], D4 {1, 1+z, 1+a+2*}

(4) T(f(z)) =2f(2)(x +1) = f(=1)2* = £(2) : R[z]> = Rla]s,
Rlz]y D { -2+ 42 +32%, -2 — 4o+ 22 4—z+ 2%}

7.4.7 Q Lo vector % Q(v2) DF {1,v2} KBTI EN T Q(V2) — Q(W?2),
i (14+V2)z (23U 7.1.6 (2) BT B4 OEBFTIZRKD X

7.4.8 V7% K ®DnRJGvector B e X. T %V ORIEEL L T"=0,T""#40 LT 3.
IO uc VIFELTT" Y (u) #0TH2LTE. ZDOEEB={T""(u), -, T(u), u}
WV OIHTHLZERRL, ZORICEHT 2 T oFBfTIIZ KD X.
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7.5 [EBE, BB vectors, EIEZEM, EEZEN
— % DRGIE

NS

B L C, A ME & A vectors HFDEREHEOEE ).

\

EFET7.5.1 T 13k K LD vector 241 V OFYIPEHLE T 3.
Tu)=  (uveV,u#0, AeK)
ZWi7zT N % T O EAME, u ZEAME N IZET 2 T O A vector & 235, Vector 22
V OB T ORFAE N IcK L
WAT)={ueV|T(u) =}
EBE, T OWEHME N o BEZER &\ WAT) HD 0 T2 vector SN IET S T
DA vectors 1IZfh7e & Ze .

M7.5.2 W(\T) 1V OEDZRMETH 5 L 2R, (Hint: H2REOKMNE 6.2.5 20 K. )
2 2T, oo A E, FALHEAZ Ol

EF7.5.3 51750 Alcx LT, LA
palt) =t — Al
 ADBELEAK L XA pa(t) =0 DRELTH A O EHE & v

EE7.54 \DTy DREIGEHE < o4(N) =0 (2F D X\ IF A DREIEHE).

SEEA )\ € K & vector u IZDWT, Ty(u) = Au DIED VDT L &, Au = du 3FRETH D,
ZNUE (N — Au =0 DD ZOZ LIz oo\, 5w #£0 ZIKT 5 L, 5.6.1 D (4)
— (B)IT&D, ZHUI AN - ADEHITRWI EZERT S, I510, 24X 356 Ik D,
M —A#02FD pa(\) =0 EFETH 3. O

EFET7.5.56 V=K THREEABREIKICEZLE Ty ur— Au OEEEEZ A O HEH
MR, 7 Ty OIEA vector 2 A D [EA vector &£ HWd. A DEEMHE N 1ITDOWT
W(NT) % W(NA) EBFNT, ADBEBEZEME EMTE. koT

WA Ta) = WA A) = {uecK"|(\] - Ayu=0}.

11 —16
5l 7.5.6 A:[ ] WAL T
t—11 16 2
goA(t):]t[—A]:’ e ‘:(t—ll)(t+13)+16-8:t 42— 15 = (t—3)(t+5)

TH5756, HEMHIZ 3 & -5 TH5. oI, fHAFEHET, ZOZ1UNIGT 2 A Z2[H

W(3,Ts) = {c[ i ] ’ceR}, W(=5,Ts) = {c[ 1 } ‘ceR}
PRoNG.
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R 7.5.7 1741

T2 2
A=| —-16 -5 —4
-4 =2 1

W BEIEER Ty - R — R3 1IZOWTC, BEHEHEN, TXRToOBEGHE, 8L, 206125
9 B A 22 2 ko X

EEME 75

7.5.8 RXDITH A IZOWT, EAELHENK pa(t) & A DEAEZRKD X.
(1) A= [ -1 21

2 2 -1
[ 6 3 -1

(3) A=| -11 -8 7
-3 -3 4

-1 0 -1
7.5.9 174 A= 1 2 1] IZDWTRDOMIZE K.
1 -1 1

(1) BEAEZEK oa(t) ZRD .
(2) A DEBEFMICN LT, ZhoEA%R% koD X.

5 —3 3

7.5.10 f7HlA=|9 —7 9 | IZDOWVTRDMIZENXK.
3 =3 5

(1) BEAZEK pa(t) 2RO XK.

(2) A DFMEAMEICK LT, Z0nDiEF %M 2 KD K.

7.5.11 A, B € Mat(n,K) IZ2WT, pap(t) = opa(t) ZmE.

(Hint : £ B 2SEAIARBEIORE. 202> T B LRI TR VLA ZRE. )

7.5.12 A€ GL(n,K) IZ2W T pa-1(t) = |A| 7 (=t)"pa(l/t) TH D I & Z2RE.

7.5.13 M € Mat(n,C) % n XIEHIfTHIE L, ZDEAMEZ oy, -, o, €T 5. TDEE,
M~ OEEMHEIX o7, -, 0, THDZ EERE.
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7.6 —HRDIZFEDERIE, BB vector, EIEZEM, EFAER
— DRI O WTH | A, EA vectors, [ 22, AL HEAZEFHET 5.

EET7.6.1 T % n XIL vector ZE[H V OB E 5.V O 1 DM {u,, -, u,}
ZL%. CORICHTE T ORBUTIIZ A LTDLE

pr(t) = ¢alt)
EERLT, IhvE T o EE4ESK & XA

or(t) ZFEDFERHIKS 22\, EFE B=P AP DL &
op(t) = [tI — PTYAP| = |P7'(tI — A)P| = |tI — A| = pa(t)
TH D5,

EE7.6.2 T % vector Z2[t] V OfIEAHAL ¥ L. N 25T OFEIFMHETH 5 7-01C1F
er(\) =0 £%2 2 EDBRBEFTH 5.

SERA (AEE) {up,---,u,} 2V O 1LMOFE L, ZoHKICETE T 0oRBTHE A LT
5. \N% TOEAETOLue WAT) ¥ k.

&1
uzclu1+"'+cnun:(ul7"'aun)c7 C:[ ]
LB IOLE n
(&1
T(u) =T(us + -+ cpuy,) = (T(wy), -+, T(un))[ : ] = (uy, -+, u,) Ac.
Cn

—J7,u & T D NIZET BH vector 72765
T(u)=Au=\cu + -+ cyu,) = (U, -+, up) Ac.

63.912&D Ac=Xc £ % 5. w0705 c#0. XD Tcld ADFEEME N ICETZHEA
vector TdH 5. 7.54 £V or(N) =pa(N)=0TdH 5.
(T3 0r(A\) =0 THDEH6 pa(\) =0. HEDT

Ax = \zx
FHHTRWBZEFD. 2z 2=c £ 95l Ac=)Xe. 22T

u=cu+ -+, = (U, ,uy)C
BHucV ZHaU u#0 THOT,
T(u)=T(rus + -+ cyuy,) = (T(ug, -+, T'(uy,))e
=(up, -, up) Ac=(uq, -+, u) Ae=XA(uyg, -+, u,)c=Au

THEDH5 wld T O N zZHEAHEICS DA vector TH 5. O
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BIRE7.6.3 (|M1], p.103 £ D) Vector Z2ft] Rlz], DFYIEZEHL T : f(x) — f(1+22) 1D
W, BUF o (1), (i), (iil) Z2ke X.

(i) EHEZIERX o (1),

(ii) T DA fE,

(iil) T DAMEAME N LT W T).

B Rz, DI {1, x, 22} ITOVTEET 5.

T =1,T(z) =142z, T(2*) =1+4x + 42> TH 505

111
(T(1), T(z), T(2%)) = (1, =, x2)[0 2 4]

ThHor06, REUTINITA=|0 2 4]. koT
00 4
t—1 -1 -1
(i) wr(t) =palt) = 0 t—2 —4|=0¢-1t-2)(t—-4) T,
0 0 t—4
(i) MEAMEIE 1,2, 4 D 3.
(iii) [EAfE 1 122w»T.
0 -1 -1 010 1
I—A=10 -1 —4]@%%@%@[001]@60 =0 DOFZERIZ R| 0
0 0 -3 000 0

ap+a1x +axx? DIEEME 1 IZJBT 2 T DIEA vector TH S Z <‘:<':a—[ ] (I-A)a=0
Ziile 9 2 EIFFEEE S, W(1,T) =R1,
EAE 2 1IZD\WT,

1 -1 -1 1 -1 0 1
2] - A = 0 —4] @Féﬁ%@ﬂ:oi[o 0 1]f%b,(QI—A)mZO@ﬁE%FEEIoiR 1
0 0 -2 0 00 0
LEFAMOEZEICLD, W2, T)=R(1+z).
A fE 4 122V T,
3 -1 —1 10 -1 1
4I-A=1]0 2 —4] OfERIIE | 0 1 2] ThHY, (4 —-A)x =0 DFFZEIE R| 2
0 0 0 00 0 1

LEFBRDEZICE D, W4, T) =R (1 + 2z + 2?).

EEME 7.6

7.6.4 XD (1), (2), (3) D T : Rlz], — Rlz], ZNRZFIUTDONT

(1) BEHELHEX or(t), (i) T OBEGEME, (i) T OFKEAME N LT W,T)
R k.

(1) T(f(z)=f1-2) (Ml]225)

(2) T(f(z)) = f(2x) + f'(x) (M1] 25).

(3) T(f(z)) =2f(x)(z+1) — f(-1)2% — f(2).
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7.7 TN AEIL

MBI - O OEE L P LTV oAb TH 5. 2 2T IOV THOREAR
W7z & 23T 5.

EERT.7.1 200 n RIEHFITH A, B IlzoWT, IEAIFFS P SfF{ELCB =P 'AP &t
BHEE, AL BIFHMTHS EvIENS.

A 7.7.2 Vector Z2[] V EORIBEMORIUTINIFEZ T B2 & Z UL 1T
FIWRBTIN E I D, £72, 2175 A ZRBUTHNE T HRIBLH T &, A IZHBIZR1T5)
BW2H5EEV OREZEKIZED o~ B BEHTIE 2 5.

SERA i E 7.4.1 ISfhZe 5 v, B2 7.3.7 OfEEEZ I LiUE K. O

TE7.7.3 (1) 56 NEIEAFH AR L, AT P % RAHT T P-LAP 23tfafisl
LB BRCT 5 bk A O ML LT 5. & DRI, K 2L LT, A € Mat(n,K)
DEEI B, PeMat(n,K) EHNZ LS, ARK SN2 L wvdh 201 A
I K kXA TH 2 L Hwidns.

(2) ML T DEBUTIIDSSN L ARETH % & & T 13 NALATRE TH % & vidn .

FRT.74 (1) (AT AEE) 741 & 77305, HALTE AL, HE D) LMD
L, ZDRDHK vector DAFNCEBET 2 L LA EHRICTERVEWVLI L TH S, Hi~

H'46}KﬂLTP:[i1}%W5k

8 —13
prar=| o ]
0 -5

BB, ZDZEIE, Ty ZHUET BT, e, e ZIEICHDO G IZH2 D D5 WA, uy =

9 1 \ » »
[1}4Q:[1]%%mmnMJguul@ﬁﬁmu3%bﬂmwﬁﬁmu—5%15ﬁ%

BRCTHZ EHNHRETEL I EZEERLTHS.

(2) AL TERVIEGTH A HEET 5. 2Ud, 0K K 2VNS 3 & ¢, BEHEZ D
BICBI W I EDEETH LG L, KK ZI5KL TH, (TFIHEERE AL TE R
L LD D 5. FEEDRDY C DA, B3R D 522w, BEOEAE, NATHNEFEL
D BEEER” PERINTHS. BT X AN S DD Jordan BHERTH 5. 1D
WTIEES 11 BT,

HA:[
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MEB7.75 T %V OIEE#E L, ZOMEL2WEEHEHOEEZ N, -\, £T 5L

> dimg W(A;, T) < dimg V.

=1

SEER D701 dimg D K 24 <. dimV =n, dim W\, T) =n; £BL. Fi(1<i<r)

T Mg

(776) Z Z CijU;5 = 0 (Cl'j € R)

i=1 j=1

=1

(7.7.7) > u;=0
=1
EVAEZETHD. T(w) = uw; (1<i<r) TH2H»5 (7.7.7) %2 T TEF &
=1
INERZICT TETIET

> Nui=0 (0<k<r—1)
=1

zi55. HiG
1 A - M
1 Ny - /\2T—1
(ui, -+, u,))P=(0,---,0), P=| .
1 A - AN
ThHb. 37112k det(P) #0 6, PIXIERITAICT
(ul’...,ur):((),...70)p—1:(07...70)_
2FD,

g
’U;i:ZCZ‘j’U;ij:O (1§Z§T’)
j=1

{wig, -~ U, } 131 KN 6

Cil =Cig ="+ = Cip;, =0
TH5. £2Tni+-+n, D vectors {u;; |1 <i<r, 1<j<n} 1 XTI THS.
DAEBUZ V' D vectors D 1 KM i KEEL D F D n=dimV 282 200 6 FTEDOAE
E2WiN ) A RVASR O
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ROEHIZZDOFEBRZ2ZBE L TRDEELLDD 1 DT 5.

TEEB7.78 A% n XIEAFTIIEL, A OMHEZRZEEEORMEZ N, -, N\, £T 5. A
NK ETHafbenszoicix

Z dimg W (A, A) =n
=1
THDHIEDPREFIFMETHS.
BEER (ZEME) A SRt s o, IEHITHI P = [p, -+ p,] DIFEL T
by

b _
B=P AP = ‘o (et f751)
by,
L%, ZDLE AP=PAWRZ Ap;=bjp; (1<j<n) TH%. 2F D b; IFEHE N, -,
A DENDITEL, p;(# 0) 132 DEHMHEICHIET 2EH vector TH 5. 6.4.6 ICXD py,
s pp 1E 1 PR DT
o) dim(W(ATy)) =) dim(W(AA) > “by =\ L% j O =n
=1 =1 =1
E%%. Ik 775 EAENEIMEOEAIB NS,
(Tootk) &% Wi, A) DI {ug, -, wip,} ZEATE LS. 7.7.5 DRAEHD & | vectors DES
{wp, |1<i<r, 1<j<n}d1XMTHS. —F

Z dim(W (X, A)) =n

ThHhoa06, FOBEEIIRZER R OETH L. 2o 2T
P = [Un Ul U21 "0, U2py 0" Upy " umr}

m\%< )
AP—=PB, B-= M (et £751).
A, Ny
i A
Bt B=P AP Exifafb I nr:. O
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778 D ORGIHIBEFIZ O W TORDEMIHELNS.

EFE7.79 T % K L®D vector Z2[H] V ORIEELE L, T OMEZ ZHAEO2MEE N,
AN ETRLV OREAEEEICES. ZRUCETE T K ENALENBDICIE

ZdimK(W()\i,T)) = dimg (V)

TH5IEDBRELDENETH S.

7.7.8 DIFHZ Bt 6.2.10 D5 22T 7.7.8 ® 7.7.9 DFEEZRDEEICHBR 2 Z £ 23T
N

F7.7.10 7.7.8 DFFDOILT, A BNANMTE 2720121
ET: Wk, A) = K"

THDHIEDPBETITTHS. Iﬁlﬁélc::i 7.7.9 DELFDOILT, T BNANTE 5 7-DI121F
i W, T)=V
i=1

ThHHIEDBUNE|TTHS.

Lo 7.7.8 DEEHIZ, G N IEHTHONALDEIE G EERZ EANTH S, 2 2T, XHfko
il 1 2L TEL.

BIRE 7.7.11 1741 72 92
A=| —-16 -5 —4
—4 -2 1

WXL, IEHIATS P 2 BAHT T PYAP 25 Af75 L k.

B E0 o t)=@1t—-1)t+1)(t—-3) LFHEENG. 22T 754 I1HKDE
(A-DNx=0, (A+l)x=0, (A-31)x=0
ZNZNRS. WE AR TS5T DERTHOT
1
R} W(g,TA>_{C[_2]
0

1 -1
W(l,TA)—{c[ —21 CGR}, W(l,TA)—{c[ 3]
-1 1

Thb. 22T, ITNLDZEMEZERT 5 vectors ZWiRT

1 -1 1
-2 3 —2]

-1 1 O

1 00
0—10]

0 03

CGR}

pP—

A (U E

P1AP =
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PIE7.7.12 17751 -3 8 —4
A= -2 5 =2
2 —4 3

WL, IEHIFTS P 2 BAH T PLAP 251750 & ¢ &
BB EAESEAE oa(t) = (t—1)2(t—3) &3, 2T TT54ICHTE

(A—Dx =0, (A—3)xz =0
Z, ZNEFR 2

-1 2
1TA :{ O] Cl,CQGR}, W(37TA):{C[—1]
1 0

% 2T, pﬂ%@%ﬁﬁﬁi)ﬂzﬂ‘% vectors % WiXT

2 -1 2
P=11 0 -1
0O 1 O

_I_CQ

CGR}

E9nux
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EEME T

7.7.13 XD A AL INE %R, TE35E1F A 2ALT 5108 P 23 L,
W B= P 1AP ZR® k.

7 —6 -2 5 2 —1
1) _3_2} @ {_58} 3) [_3 2]
1 0 47 -9 —4 8 0o 1 2
4 A=| -1 2 4 (5) A= [ 8 3 —8] 6) A=| -1 2 2]
3 —3 —1J -8 —4 7 2 -2 —1
5 1 27
() A=| -1 2 —1
[ -5 —2 —1
771414:[:§ ?]0?9wf Ar 3RO k.

7.7.15 n RIETITH A = [a;] 1220WT, ZOXNMAET DN Z A D B (trace) LMD, tr(A)
THT. Hls

tr(A) = a;; + ago + -+ + Ay
ADBEIEHEAE o (t) =t +ct" - de, EECLE

tr(A) = —¢q, det(A) = (—1)"¢,
THBILEERYE.
7.7.16 RODOMIZENK.
(1) A e Mat(m,n,K), B € Mat(n,m,K) D& &, tr(AB) = tr(BA) TH 5 Z L 2R+,
(2) HOCHIRlZR 2 DDFFIOBNIEL W &, BlL, 51751 A 1Ic2on»T
tr(P~1AP) = tr(A)
THHIE2RE. (357511 LK)

7.7.17 FRLE W SEIRIE FERIRS Th B 2 L EBRE.

O TEUEF L THATIER.
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7.8 Cayley-Hamilton DEER

XIZ Cayley-Hamilton DEMD L WAL THISNAHIRW G EMEZ RS, 7.4.4 THHBRR
3, —USZIAL f(t) = 30, a;t" € K[t] L1ES1T1 A € Mat(n, K) I22WT, f(A) = 3 a; A’
ERIRT B KR A=T1 TH B,

EE 7.8.1 ( Cayley-Hamilton OEM ) IEH1TH A DREIE LI pa(t) 1I2DWT

AEBA B(t) =tl — A L BE, ZhOENTII% B(t) £ &,354 12k
(7.8.2) Bt)B(t) = pa(t)]
ThHD. ADKEE n LT 5. Blt) DEETIE t DiEL n—1 DEEATHS. kOTt D
BICBHL CBEMT %
B(t)=t""'"B,_ 1 +t" B, o4 -+ tB; + By
LTS, 22T B REND n RIEAITAITH 5. (7.82) &b
(7.8.3) (tI — A) " 'By g +t" *By_a+ - +tBy + By) = pa(t)]
ZZTBRMICIE 1T A ZRAL T pa(A) =0 29REZ ) THh %28, ZORADEMEIZIEY
BHEDTIERWV, 22T, UTORKICTS. £,
oaA(t) =t" + et et 4 it ey
B RIT (783) 0% ERT 5 &
t"By 1+t Y (—=AB, 1+ B, 2) + " *(—AB, 2+ B,_3) + -+ + t(=AB1+By) + (—ABy).

LT (7.8.3) ICBW LD t DIRFE L T

B,1=1, —AB, 1+ B, y=c1I, —AB,_5+ B,_35= ¢,

—AB1+ By =c¢,_11, —ABy=c,I
ThHsb. Ubrs
WA(A) = A" 4l A" 4 A" b et At e
= A"B,_ + A" Y (—=AB,_1+B,_3) + A" 2(=AB,,_3+B,_3) + - - -
+ A(=AB,+By) + (—ABy)
= A"B,_1 — A"B,_1 + A" 'B,_y — A" 'B, o+ A" B, 3+ -
— A’By + ABy — ABy = O

EROTHEHI N O

—16

B7.8.4 756 D A= { 1; ] WXL T pa(t)=[tI —A|=t*+2t—15 TH5. 1
£ D 7.8.1 (Cayley-Hamilton DEM) 1%

pa(A) =A*-24 151 = O
EHERTE 5 (FHRICHEAL TA K).

") Arthur Cayley (1821-1895) England 4: £41. William Rowan Hamilton (1805-1865) Irland 4E F #1.
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EEME 7.8

7.8.5 XDfTHl A ELIEK f(t) 12DV, f(A) ZEIEE X,

31 a2 -2 = R
(1) A_{S 1},f(t)_3t t+5.  (2) A_[ - 3},f(t)—t t—1.
-1 1 0
786 A=| 0 2 1| & glt)=t"—4*—3t ITOVT g(A) ZKD k.
I -1 -1
5 -3 3
7.8.7 (7TH10D)A=|9 -7 9| &gt)=1t"—22+12t+ 36 ITD2WT g(A) 2K X.
3 =35
7.8.8 RDITH] A IZDWT AY %3k k.
—4 13
ma=[7 5]
-2 2 1
2) A=| -6 5 3
7 —6 —4
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8.1 W&

DUN X, oA R LD vector 22D A, V IZHIZ R EDOHRXIC vector 22[H] %

R

Gz VICBISZABE LS HL v, veV, ceRIMEEDILTH 5.
Pl (u+v,v)=(u,v)+ (v, v),

P2 (cu,v) = c(u,v),

P3 (u,v) = (v,u),

P4 u+#0 %5613 (u,u) >0.

7= vector ZEfH % HAlC NEEZEM L FRT 5.

EES.LL VXV o RANDER (| ) BRD 4 ODWEZ TRl TLE, ZOFE

Fu,veV ITNTIHEDME (u,v) ZHICuw & v DA LHFT S NEDOEREI N

PTFTE V BHICHE (. ) DERSNAWRERZET LD LT 3.

M8.1.2 (, ) zWMEE T H2WNEZMEV ICDOWT,
P5 fEED v eV IZD2W»T (0,v) = (v,0) =0,

P6 (u,v+7')=(u,v)+ (u,v),

P7 (u,cv) = c(u,v)

NP A RVAS RO B TN

51 8.1.3 R™ d vectors

€ U1
T2 Y2
T = . y Y= .
Tn Un

12D\ T
(il?, y) =Tl + T2Y2 + -+ TnlYn

EEDIUL, Z3UE 8.1.1 D 4 FEZEW-T. Tk R* O EHENE & LR

f8.1.4 R[], BT
1
(f.9) = / Fa)gla)ds
N Z 5B Z EZHEDO K.
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EFES.1.5 ueV ITHL (u,u) >0 THE056
[ull = v/(u, u)

RAHFEEDEES. 2% u D norm, HEHWIFEI Lws.

MEE8.1.6 TED u,veV,ceRIZHL TR L.

(1) flew] = lef [l
2) |(u,v)| < ||ul||v|| ( Cauchy-Schwartz DAEAD ).
(3) N+l < [lul + v (ZALEN).

BEEA (1) ||cul?* = (cu, cu) = A(u,u) = A|lul|? TH 2025, THDFTHRZ L UF X,
(2) t € R DEEL f(1) = |[tu + 0|2 2E~S. ZhiZ

F#&) = ltu +v* = [[ul*t* + 2(u, v)t + ||v]*
EET DD, HIT f(H) >0 THD05, 2 Rikigt LTOHBIA D 1%

D/4= (u,v)* — [[ul*lv]* <0
Zii7ed. TNXDESICTERIEDPNS.
(3) (2) s
[+ w[* = [lul* + 2(w, v) + [Jo]]* < Jul? + 2wl v]| + [lo]* = (Ju] + [v])*

2135, TNXDEDICTRIEPNS. O

EES8.1.7 (u,v) =0 ZHi7z T vectors u, v [T EE THEHLEWIEN, u Lv EFIIND.

MiE 8.1.8 FH vector EERL D uy, -, u, €V D, ED2OLMEMETHDETSH. DL
Z, N5 D vectors (& 1 K TH 5.

5EBA ¢, -, c, eRIZOWTqui+-+cu, =0 THbHEF L ZDEEK I ITOVT
0= (uj,cruq + -+ cu,) =c1(u, wr) + - - + o (u, uy) = ¢ (wi, ;)

LA u A0 kD =0 ThTIERS AL, 0

U Augustin-Louis Cauchy (1789-1857) France “E £41. Karl Hermann Amandus Schwarz (1843-1921) Ger-
many 2 £ 1.
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HEHMBEE 8.1
8.1.9 RZIZEVT & = [xl], y = [ } INU (2,y) = 21y1 + 220y EEDIUL, T
L2 Y2

W&z 5% Z & Zmt.

8.1.10 8.1.4 THED D -FRIC Rx|3 2B 5857

= [ s@otwas
X ZDEBONETH 5. FEED f(x) = ao + a1z + aa?, g(x) = by + iz + box® TR LT,
2 0 2 bo
(f,9) =laoar az] | O % 0 by
20 2 b

D TR

8.1.11 [ 8.1.10 DNTEIZEIT 2 NREZEM Riz]; ICHWT
fi(x) =3+ 152, faolz) =3 — 30z + 152°
DELLEDBERTILHEADERZIIET L. (% : {c(-15+22+352%)|ceR})

8.
1

1.12 AREZERICE LT, XD LD & Z2RE.
1) (u+tv, u—v)=|ul?- ||

2) 2(u,v) = [lu+v|* = [Jul® - v]*

(3) Nu -+l + [lu—v|* = 2(][ul? + [Jv]*).
4) ulve=[lutv|?=|ulf’+|v]
(5)

5 u+v Lu—v<=|ul|=|v|.

8.1.13 WHEZEM V & ZDEBor2ef] W kL
WH={ucV|TRTDvecW IZHLT (u,v) =0}
EED, TN W O ERAERM LTS W1V OFO%EETH D EERE.

8.1.14 WHEIZR V 1B W T, RETE.
(1) V- ={o}.
(2) v,V eV IZOWVT (u,v) = (u,v) BEED ueV IZHLTEDVDLEE v=2

8.1.15 8.1.11 DRUWDH & T

W ={afi(x)+bfax)]a, beR}
EELE W IIHREZSER Riz), OFTRETHS. ZDLE W 2R L.

8.1.16 HIRKILD vector Z2[H V. DERIIZER W, Wy, Wo I2DWT, RZ2RE.
(1) wnwt={0}, V=W+WH

(2) dim(W) + dim(W+) = dim(V).

(3) WHt=w.

(4) Wy C Wy <= W D Wyt
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8.1.17 ¥~ 1, Tfifiin7z Hamilton @ 4 JuEUAk

H:{[ a+ b c+dz}

0 b e de R} CMat(2,C) (b3 A i R

—c+di a—bi
SFFIOR & scalar fEICBIL T, R 10 4 K3 vector ZMCH 5. %
bi di - b i
A:{ a—+ Z. c+ Z] IRl A= [ a Z» c z] (FRTORS% IR
—c+di a—UW —c—di a-+0bi

LEE HOEED 270 A, BIZHL (A, B) = ttr(A'B) LD 3. Z0ds H OWEE G~
52 EmNE.
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8.2 IFHREXRELEXRITI

COfITH VIBARE (, ) 282 R LOAFARXIL vector ZEH 2R THDET S, £ R”
IEHENRZ RO ZR T D LT 5.

E&8.2.1 dm(V)=n 2. {uy, -, u, } 1V OHET

(8.2.2) (ws,u;) =0 (1<i,5<n)

iz LT 5. ZoOMGEE IEBIEHE LT 5. EEE 8.1.8, 6.5.15, B X KE
dim(V)=n 12 & D, (8.2.2) IR LTUE, {uy, -+, u, } 1FFERD I LITHERT L.

MR8 8.2.3 (Gram-Schmidt DEAAV? ) {vy, -+ ,v,} ZV OFELET L. ZOLEV D
E%ﬁﬁﬁ% {ul, Ty un} S

<’Ul,"','UT>]R:<'U,17"‘,'U/7->R (]-STSn)

ERDHBDVBEET D, (AFICOVWTIE 651 2HE.)

A O wu, = v ELTr=1DHEHRY D, RIC

IIv I

vy = vy — (Vg wr) Uy, Uy = m’lw

EBCLE (ug,ur) =0, ||ug]| =1 BB EDBOVEPE r=2DEZIHKD D, —HRIC
wy, -, u DITEOSEM 27T & F,

!
Vi1

/ _ § _ 1
Vyr1 = Upy1 — <v7"+17 ul) U;, Upr1 = o/ 1]

i=1
EBTE (upgr,u) =00 <i<r) THY, u, .y DIEL TS
<U1, oy Uy, ur+1>R = <u1, oy Uy, vr+1>R = <’U1, sty Uy, vr+1>]R

&% 5. O

K 8.2.4 WHZEM V LOBIBEE T 235, f£ED uw, v e V ITHL T,
(T'(w), T(v)) = (u,v)
2729 7% 6%, T3 R LI 5.

ER8.2.5 Vector 2] V IZEIT 5 2 DD vectors u, v D% ||u—wv| & RAHEIE, 8.24 &
8.1.12(2) 2253 HIRIC, HAZM T - V - V LI, fERD 2 iHOHHE LB ERD Z &
ThHD. (8217 bR L. )

EE8.2.6 {uy, -, u,} ZHMEZEMV OIEBERLELE TS, u=0agu + -+ au,, v =
biuy + - +byu, EHL L E,

'U) - Zzazbj ('U/“'U,j) = albl 4+ 4 anbn.

j=1 i=1

2) Jgrgen Pedersen Gram (1850-1916) Denmark 4: % 41. Erhard Schmidt (1876-1959) Estonia 42 % #1.
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RES.2.7 {uy, -, u,} ZWEEMV OEMEREE T2,V OMIEEE T BNERE
HaTH B 72011F, {T(wy), -+, T(u,)} D2 V OIERERIETH 5 2 L3+
TCTHD.

SERE () T IXER A D6
(T(w:), T(u;)) =6;; (1<i, j<n)
ThH2. dmV =nThHo96, {T(u), -, T(u,)} FEHRERLILETH 2.
(o) u,veV EL, u=au + -+ au,, v=>bu + - +bu, £TIUX 826 Ik
2T
(uw,v) = arby + - - - + a,by.

L2252 T(u) =aT(uy) + -+ a,T(u,), T(v) =b/T(u) + -+ b,T(u,) THHEDH, K
EICED
(T'(uw), T(v)) = a1by + -+ - + axb, = (u,v)

213, T PELXEMRTH 5 2 L3bh 5. O

EE8.2.8 EKE TTHS 3 KILBLT Buclid EMICE VT, izl &3 3 [MiEBE 5,
JRRZE5 1 RDOERD 513 1 KO FHNICE T 2 NIREHE), S 612206 OGRAIRIIMTEE
D 2 M DMREZ 2~ To v, [EAA L Z 1 e N2 (Euclid 22 o H A7 —BHb) ~HkiE
L72bDicfiZe o\, KRETH B8, HEEZEHEZZ 5080, MIEIZEIZS LRGSR (54
FRRENR) bFELLHRONTH 2. 2 OPIIEEFER TESTHS I .

EFKB.2.9 HIESITI AV 'AA=1T] ZifitcT L E AFEZI THE Evidzns.

f8.2.10 RDOITINIERITHITH 2 2 & %MD X,
cos 6 —sin&} [ 0 1 0] [ Ccos ¢ —sin ¢ 0

i 0 0 001 cosfsing cosfcos¢p —sind
> o8 -1 0 0 sinflsin¢ sinfcos¢ cosf

B8.2.11 EXITIDFHIRIZ 1 £71F -1 THBZ EZRY.

WRE8.2.12 A=[a; - - a,] € Mat(n,R) IZ2WT, XD 4 DIX[FEMHE.
(1) A IFIESATAI.

(2) ARIEAITHD "A= AL

(3) {al, e ant R OIERIEASEL

(4)

4) Ty (FER A,

SEEA (1) & (2). "AA=T %513 35212&kD) A'A=1T'A=A"1TH 5. HiiFHS 2. (1)
& (3). A'A=[(a;,a))| THBZLEDEDLHIS
B)e (4). 8272V =R" {uy, -, u,f={e, - ,e,}, T=Ty & LTHEHHYE XK. O
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= E MR 8.2

8.2.13 R*IZHBIFT B 3 2D vectors

-1 1 1
1 3 -3
1|’ 317 3
1 —-1 5

DERT 2 02EM%Z W L35, 2D vectors 2, ZDMEFIZES L T Gram-Schmidt DEA
fLick v, BZAMLL, W OEREEZ KD K.

8.2.14 Rz], % 8.1.4 ONBICBHT 2 NB%EM LT 2. oL &, M {1, 2, 2?2} 2 Gram-
Schmidt D77 TIEBIER LY &

8.2.15 P ERTHITHIUL P HERTIITH S Z & Z2nd.
8.2.16 2 DDERITHIDIED FH-HERLITIITH S Z &2y,

8217 T % V ORIEEME T2, T PNEKEHTH 2701213 |T(uw)|| = ||u| PETD
w eV IZOVWTHD VDI EBNESSTH S EZ2RE.

8.2.18 KfUT4l H € Mat(n,R) ¥ —1 ZEAEICK 72\ & Z2RE.
(Hint : w & Au EDFHENRZAHL T Au=—u %5l u=0%,%52L2RE.)

8.2.19 HZKSTH] A € Mat(n,R) IZ2WT |A] = —-1 &561F —1 & A OFEAETHL L%
Ak &
(Hint : 1750328 —1 TH 2 29D EZFHIOEALHAZ B TEL

-3 =341, 43P —dt—1, 02t 23 - 22— 2e 4+ 1. 7513 Bflis. )

8.2.20 H D2 HHEL THMUTIDEE f(H)= (- H)(I+H)™ ¥, -1 z[EHM#E
ICFE7 T, Lo b DT R CHEBCH B AHELITAITH 2 2 LARE. 612, f 1§
{H € Mat(n,Q) | H ZZMRITHI} 25
{T € Mat(n,Q)|T (& |T| =1 2> —1 ZEHMHICE R IERSTI] )
NDERFNTHD I L 2R L, TNOHDORIEZKD K. (f i Cayley £Ht LIFITN . )
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8.3 EMIMTIIDMAL

BT WiCIRIES T oAb R EE L 7. i, ERNITH (75T H o TR T
FIThH2bD) IFERTINC K YRk s 2 E2EAT 5. ML, 5 7.7 fi Tl 7R
ft B=P AP IZBJAIEHITII P & L C, AT 2 ERZ LICHET 5. 20U, 55
Nz n REMRTHN At L, INEEZE R® O IEREREZI) BN Z LT, A DERET 3
Z D2 FOEREE N ATHITRET 22 ETHH B, TIURRMENRIGHIC B W TIE
HWICHETH 5.

RN, EFRILBICBI L THER L TH <.
EE83.1 HFE B a=a+bi(i=v-1) N, a=a—bi LHFT, Tk o D ERLHE
LIRS,
acRea=aThH3. 18D o, € CITOVT

(8.3.2) atf=a+B af=aB, B#0 DLE <E):
DR o, HIG | R 2 & 2 BIEIZVURIREE 2 (R,

T8 8.3.3 MEBERYET 210 A = o] IKOVTH A = [a] LiED, A B
LRSS

[ 8.3.4 frlOBERILBEICOVTY kL FRAREXDKD 2o, Hle, HEBZ RIS E T 5E
B A, B LEEH c € CIKW L, ITOSERDUKD IO L 2mRE. bbb BA, WEN
EETZIHHICRS.

(1) cA=cA, A+ B=A+B.

(2) AB=AB.

(3) det(B) £0 &% B 1=D0

iRl 8.3.5 FHEXTMTHIDMEIAEIZETHETH 5.

SEER \ % n ROENTHTI] A DEAHES L. %2 R 226 CITIATTELETS. WE
Ax = )\x
& 7 DEFBULIT D vector © £ 0 DIFET 505, CORDMHADEFRILE 2 LUl
Az =Xz (-0 AZFETA)

#3520 EE
(8.3.6) Nzz="Nz)z="(AT)z ='Z Az = 'TAz = 'F(\z) = \'T 2.

T

?_Z."C“a::[ : ] ETBLx4A0THEDG,
Ln

=T+ T, = 2P+ za* £ 0

ThH205, (835) 6 A=)\ b NcR %255, O
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g 8.3.7 A % n XRFEIET1HIE T 5. A DEEIGMHEIETELEE I, A FESRITHIC
O E=mipplicsansg. Wb, BT P MFAEL T

Al %
P AP = :
An
E% %, ZoOBEE =AM EFRT 5. P E det(P) =1 & 72 2HRICENR

SERA A OXE n BT 2 INECIEHT 2. n =1 1BV TEHL 2 TH S, XS n—1 LA
TOEGAIXFEPED D EREL, RED n DEEEZRT. \ 2 ADEAGHED 1O L, q
Z A\ ASRIRT B[ vector T ||qul| =1 %%bDET5. ZZTNMERWE q DIRTHHE
BN G 2 LR E & (EREOEN TRXOMRE). ¢ 2B CIERERE {q1, -, q.}
ZED, Q=[q - q,) EBL. ZDEE82121ITLD Q IXERATIITHD

QO AQ — (B & n — 1 ROEHF7H)

LEI D oalt) = (t— M) op(t) THBHE, B OB SR TELCTHS. k> TRIED
REL D

o «
R 'BR = .

An
L7225 n—1 RERITH R DBMAHAET 5. J:’)“C

LB, P 5& THTH D, ﬁ?]@%ﬁﬁ”\ﬁgﬂ%ﬁﬁ&b%k

1 1
PTAP = aQl
gt |49 R
[ 1 M A = 1 A1
_ _ A2k

R B R -
BA%Ic, b L det(P) = —1 %618 q1 & —qy KD BATUS det(P) = 1 £ 525, ik E L
<P Liﬁiﬁﬂ“@a@%. O
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[18.3.8 XTI A ZEAATINC L Y =ML k. BIs BERfTHI P 2 HL, B= P 1AP
D EZATYITH DERICE X

(1) A:[; :g}
r 2 —1 1
2 A=| -2 3 o]
L —2 2 1
C 5 -4 0
B)A=| -1 -3 —4].
L —3 2 1

EEE 8.3.9 FIE{TH AL, ERFTH P BFEL T P TAP DSWNATTHIC % 570
X, A DBSTMTINE %% T EBREFTTH B.
it ZOIRBETIE, ERATHI P 1% det(P) =1 &7 2RRICHUILS.

RERE (A2EME) 8.3.5 1K D FENFMTHIDEAEIZ R THEETH 5025,83.712 KD det(P) =1
7% HEZATH P T
Moy
P 'AP = :
An
LTE2.'P=P ' THB5, (P TAP) ='PA'P" TH 3. ML PLAP IZxFTHI
ThHhbH. OFD
A1
P7lAP =
An
(+531) P 2ERFTIIT P7YAP = B SNATHITH 5005,
‘A="(PBP™Y)="(PB'P) (. 56.7,8.2.12)
=P 'B'P (. B bXR{T41)
= PBP™' (. 82.12)
=A
LD ARNTTIITH S, O
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MEE8.3.10 A Z n XDFEXWNWHTIERL L. u, v e R* 2 A OEEME N\, p 12T 3 EE
vectors EX¥ K. TDEE N N£Lu kSl ulv THS.
SEER fudv ZXRORIC 2 @D ICEHE L KT % -
pluv ="tu(pw) = 'uAv ="'u'Av (- A TIFRTS)
="(Au)v (0 2.24)
="'Ou)v = \uw
THHPE A—p)'uv=0THsb. TITA#puBDT, (u,v)="uv=07THTI%ES
V. DFED uloTHAS. O

ST, BHZHADEMRE SO NI DTN £ 2 MALOPIZHFTEH <.

Y

-2 4 2
BIRE 8.3.11 ERFRTTHI A! 4 —2 2 | ITKRL, B=P AP »SAITH & % B1ER

191 P 23K, B bilt. 2 2 -5
B EAZHENT pat) = (¢ —3)(t+6)* T, LI X Y EA %M Z RO UL

2 —1 -1
W(3,A):{c[2] CER}, W(—G,A):{a a,beR}
1 0

0
2
L%, (22T 8310 DERBKIZLTHS I EZ2MEIPDSNLV. ) LL, 2OHEDERIC
FRIC 2D Ch B EEMEICNIET 2HEAEZEMICE WL, BB cHRICE L d Ik

1 1
OiD,[ 1] a[ o]ciﬁmmtﬁ
0 2

WDT, W(—6,A) DIERIEARZREZESNEDNH 5. Z4Ucld, 2D 2 DB L T Gram-Schmidt
DIEHERL (8.2.3) #1772 T, W(—6,A) DIERERIEE LT

+b

1 -1 1 -1
— 1|, —| -1
V2 3v2
O 4 2 1 1
2 3 V2 32
JE - - \ _ 2 1 1 >
235, 21U W(3,A) DIERLESL [2] BRETP=| 1 —F5 —55 | £,
1 4
! U v

P IZIERTHTHOT B=P AP =
LTz,

—6 ] E%%. Lo L, W(—6,A) DIERIEA
—6

LB ELTET, ZOHEAITIE,

1 2 =2 -1

P=-12 1 2
3

1 2 =2

E% 5.
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= E MR 8.3

8.3.12 RDIERITII A 2L, B= P LAP DSWATTHI & 72 21ERATH P %23k X.

7 -2 0
(1) A=| -2 6 -2
0 2 5
[ 5 —18 0
(2) A= | —18 34 18
| 0 18 13
[ 1 4
3) A=|4 1
|2 2 -2
(101 11
() A= 1 1 -1 -1
1 -1 1 -1
1 -1 -1 1

8.3.13 FEXWTAI Ay, .-+, A WXL, BT P 3FAELC, PYA P, -+, PTYAP 3T
NTRATHE 270121, Ay, -, A, DED 2 DLRMATARETH 5 Z L BN E L+ TH
5. InEHFHE X,
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EFoE 2 XHiRE 2 REIHE

9.1 Euclid Z[H & KEAVBIE

Z 2Tl Euclid 22 1%, JER IS < 75%36%1“%@ L0353, e BRI ICE
#LPIETS a im:cb%F'Eﬁrb {2 ) 0T, 22T, iR TE L.

ZORIZE T, ids R ZFHEBZRT ET 5 n RO vectors EAED 7T vector ZE2[H %
£LTh3B. _ma(mHL&mﬁ%o:, Z 2Tl n RJG Buclid 2¢/% E* T#£T.

EFEO9.1.1 n XUt Euclid Z22[H E™ &1, WREZE[E R™ % (& vector ICRFD MR D 7% 9 22[H D
ZETHD. LDFEL CBRIUL Er 1, JFA LRI 2 H 62 L OEE S 4172 53 O 7b>
HY, KR PeE IZIF—BMWIZ vectora e R 2EE 5. ZDEE ald O %A

P % &35 LT % P O A vector EIFIEHN, OP =a LFEND. (LD 2 1 P, QEE”
DAE vector % a, b ET5EEZ, P26 QICES vector B5bD% b—a £ LTE
%L QP AT, R OFBESE {u), -, u,) £ 122, COLEE OKEP O
I vector p =" cju; DIRE (c1,-+- ,¢,) & P DR WD, P = (1, ,¢c,) €E”
HEEEL EMEED 2 P, Q OifEE |[PG LiEw 3.

Bl~E E3 135 3 HONEF A E D (z,y,2) (Thz E3 O H EWE) ORETHD, 2 DDH (z,y,2) &
(@ yf, <) DHBEDS (2 — )2+ (y— /)2 + (2 — 2)2)} THABNBEMTH S, (HE CTHAL BT
JEREZERTIE, 2N F i B2, B3 IcqthZs & 7o,

IC,E” DR, A O O & A7iE vectors D24 R™ IEHEARFEDZEHIfE DT
ZZBDTH BN, ZHUIB LT, BT LME S CE OHBERAVBEHZZT 5.

E&9.1.2 M E” O HEA S 25 n BROFEEGRESHRX F(X, -
(9.1.3) S={(x1, -+, zn) EE"[F(21,-- ,2,) =0}
ERIFINDLE, S 2 E o RBUGEIRT & W5, (9.1.3) IEBWT, F OXREH d DL

E, S &2 d XAV LS. n=2 D& & S 3 LI EWEN, n=3 DL &
S 3 RBAINTE? & FE .

, X)) I2EKDT

DRI B3t 3, B, EIBeARtio Ta—2 Y v F4ER/, OEH, 2\ I3 MR & "7 74 %
il - BEEZAT ) CAGEEE JREE) Rz o ns v,

2) —fg i, AR, AREROHE & WABEIZ L O LAV EIR T O T, ZOMEOHHEIE, ZOARIEST
DHLDTH DI EICHEBIN L.
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WRE9.1.4 HERITH T & vector be R* &0 HET 5. —Mic, E* OPEREZ ERLE
Hal SPATRBENC LD 2 Te+b, 2FD z="T(x'—b), (x 1 x1, 79, -+, T, BT
&9 %5 vector) TEHEL T, (9.1.3) D S 252N F(X, Xy, -, X,) ZF L%
HX GX', X, X)) AT 2L E F & G OEREIIFA—TH 5.

SERA ¥ s, COMAEHOWMOELIIH NI DIWOERMTH 505, b L, REBTHOE
T3¢ (1 kfﬁf@ﬂﬁ@fﬁ@ﬁm Lz’))% s iﬁbf%t,cw) WOEMTILICR L E &I, 1K

9.2 2 REAXDREITH
K OEEINIC ¢;; € K ZIREET 5 n B Xl, 5 Xn D2 ROFARK

F(Xl, e Xn) = ZZCUX%X]

i=1 j=1
K ED 2R LS UTTIE K=R DEADOARS. 22T, AEHAZFZ LD ST
Iz %(Cij +Cji) = ;5 = Gy ki)?, A= [CLZ‘]‘] ki) < é’. A iij%??§UT% b,

F(Xy, -, Xp)=[X1- X,]A

EETE. ZORMDOEE A% F OREITH LS.

134



§9.3 2019 4¢ 9 H 17 HAl 135

9.3 2 RERDDHE
CITIRE ITBWVT
F(X, Y) = ClllXQ + 2@12XY + a22Y2 + 2b1X + 2b2Y +c
)
C:{(xvy) GJEQ’F(:E>y):O}

LER SN B IR %, BT 2 KB ST 5. MU, 2o 2 Xl ¢ OTBIRE 2.
C WEELEDBELH S, 2D FIEFERARTIIRVY, 9.2 DHZEZ AL TA= [ ai }
% F O RBUTH EWER. D =det(A) £ LT, D=0 »EPTEHAERIT 2. 7o

DA£0DLE. £,
b, — b by — b
(I()ay()) = (a22 1Da12 Q,QH 2Da12 1)7 (X/JY/) = (X—IO,Y—Z/O)

EBlE
F(X)Y)= pnxlz + 2p1 XY + p22Y/2 + ¢
DI D, 22 Tpe=07%5612C ODIIRIZ—HIERZDT, po A0 T 5. ZO%EIT
2p12 cos(20) = (a1 — aze) sin(260)

[X”:|_|:COS€ —SiHQ}[X’}
y” | | sin® cos Y’
%5 X" Y"TFX,Y) ZFH T (3750 Xk 5 4H))

¥
F(X, Y) an”2 +q22yl12 —I—CH
E%b. e C OB Lws., 22T

. —1 .
_ _ !/
(X.Y) = [ X /]|:C‘OS(9 Slne} [qll :|[C?Se sm@]{){} y
sin 0 cos 422 sin 6 cos 0 Y’

Zii7zd 0 ZHLD

THDEDO g & g 1T A DEEMEICMZ S 2w,
D =09D%H o5&

F(X,Y)=£(pX +qY)?* + 20, X + 2bY
DIBIZT 506,

sinf = S

N
VP ¢ PPt
[X’} [ cos@ —sin@}[X]
Y' ] [ sin®  cosf Y
%% XY TFz2HIE
F(X,Y) =4+ ¢*) X" + 2b1 (X' cos 0 + Y'sin ) + 2bs(—X'sinf + Y’ cos 6)

L% U EDZE EERTHRAEREZARE L 2 Iihftiz ¢ 3B, SR, ki &
DIEHR L TH S Z EB3bh 5.

cosf =

%50 DT
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BIRE9.3.1 RDFFEATEINS 2 Kk C OB ZKURE X -
x? — 4oy — 2y* + 102 + 4y = 0.

B %0, (v,y) = (' —x0, Y —90) ZRAL T,y D1 ROERET -0 DPFBH% Ko
2 (o, yo) = (1,—=2) 285, Zhick b, 53
(9.3.2) 22—y — 2t —2 =0

5. ZORBISHIET B 2 KATI% A = | _; :g} L5 palt) = (t—2)(t+3) £D

A DIEEEIE 2, =3 TH D, SIET 5[HH vector ZRKDBHZ LITLD,
[ 2 1

P—lAPZ[2 o] (muP=%

L } <,z mﬁicﬁﬁﬂ)

2132 (8.3.10 ICHHEE ). [z] :p[z,,} LBE, (9.32) ILRATIUD
20" =3y =2,  (HEMEZRDT " EHLT) 27 —3P =2
2155 . Wk IZ
y—2:@(x+1), y—2:#(x+1)

Thh, ZORM (—1,2) B C ODHFLTHS. C L JFERI, E DA IE (0,0), (0,2), (—10,0) D
3. ME2s ¢ oEz KR d UL

&%,

2 KRR AL, IERERFEZFEA T, WAFTINC X % 2 RIERUEHTE 7203, BHlHR,
FEIZER T % 2 Aoz Fio L, BERIE N Z F5220 6, 2 RWFRITHI 25 E R T4
THALI IS & WSER 8.3.9 DRMFAN R EIRSHMHIZ R U TN S TH S 9.

EEME 9.3

9.3.3 XD 2 Rz EHEZICE L, JTLO iR OWIE % fil7.
(1) 522 — 6y +5y° —dr —dy —4=0. (% BEHERIE 2 42 =1.)
(2) 2% +dwy —y? — 200 — 8y +32=0. (% Bz L - L —1.)
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9.4 2 REIEODS%HE
Z O HINE, NIRTAIDERTINC L W NAtEh g 2 L2, BN BlgE 2l T

37

M b%.
24 E? OEIES S 3 BROEHFRBLHA F(X,Y, Z) IckD>T
(9.4.1) S={(z,y,2) €E’| F(z,y,2) =0}
ERIEFINS L E S & B o B & i THO (9.12 2R K) .
DIF, ZoffiTli,
(9.42) F(X,Y,Z) = anX?+anY?+as32* +2a93Y Z 4+ 2a31ZX +2a15XY +¢ (c#0)
DIEDLIANTERIND 2 X S OAPKS. AKIZ 93 HiOkRIC X, Y, Z D 1 XRDE%R

GO TIRERETH 208, JEHIC 2D T, 22 TIE (94.2) DIFOLHATERI NS 2
R D AIPRE L CHAT 5. TSt o 2 KNI DWTE [A], §9.4 3FEL W,

LIFTlE, (9.4.2) 1T E,

aipr Q12 Q13 Z
A= | a2 ax a23], :I::[y , F(z,y,2) ="'z Az —c
a3 Qa23 0asg z b,
EEL. ZZT %A%F@M*ﬁ(ﬁﬂ&“ﬂ’*ﬁ: £/ A OXffLE T-TAT = by ] t
B IITT BEZTINTHS. ' =Te LB LET, F bs

F(T a:):blx —|—be ~|—b32 +c
W2 EI NG, A F(T(x2)=0% c#£0 THIBZ LITkD,
a2 +asy a3 =1
DIVIZTE 5. HMZ DT, " ZH T
(9.4.3) ayv* Fayy? +az2’ =1
EEL. INE S OB LT 5. AN T rank(A) = 3, BlS ajagas #0 ERET 5.

E#E9.4.4 Lid (94.3) DIBICHDIE Z a1, az, a3 D) HEDIEDEDEE r LEADED
% s %35

sgn(A4) = (r,s)
THEL, 205 %2 F OFFFER LT3 9.

33.1.14 TERLLEBROMFS EF LGS TH 208, Billld v EET 5.
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2 CC, 2 R (9.4.3) 2B HUE, ROBRICER 5.

1. sgn(A) = (3,0) D & SFEAERI
2 2 2

E7D, X945 DERICR S,
Iz igHm & s

2. sgn(A) = (2,1) © & SR
2 2 22
EtE e :

ktb,?946®%m&%.
whEH
Iz SO0 &S

3. sgn(A) = (1,2) O & EEEHEIZ 1L

TR
TR
RSN

\
R
R

&&b,%gA?@ﬁm&%.
Tk IR & RS,

4. sgn(A) = (0,3) D& ZIFREAICR D,
¥ 9.4.6 —HERHH

X 9.4.7 —HENEHIE

EE9.4.8 9.3 &£ 9.4 THEF L 72 2 kifhifR 2 Kihmo&ix, —ofko Lto 2 X
~NEAREE I, HL L OIERICHEINTZ D, BRI HFAET 5.

HE RRE 94

9.4.9 XIZFEIFpHBATERINS 2 KiEOFHER 2K &, G EEFOX
Sm oW 2 MR L, 2 04025

(1) 722+ 6y* + 522 — day — dyz = 3.

(2) —bx? + 34y? + 1322 — 362y + 36yz = 7.

(3) —22? — 2y* — 522 + 8xy + 4yz + 4zx = 3. ( Hint : 8.3.11 OFEREFIAL )
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F10E Vector ZHEDEM &&/INZIET

10.1 Vector ZREDEIZEMIC & B EF93 R
RIZIX 3 vector ZZE]DEMN RO ZIZ E THEETH 5.

EF 10.1.1 Vector Z¢[E] V E HBHTRWESZERI WY, -, W, IZOWT {EED v eV
b3
v=w;+ - t+w, w;cW

ERIN, POMELEDICLPREZVEZ, VI W, - W, DENTH S, 721k, V

V=& --aW, (if:oi V:@Wi)
i=1

LRI NG., ZORMT, & W, 13V O ERKTF EFFIENDS.

F10.1.2 V=R £32%. ROKHNIELTV =W +W,, V=W, W, DZNFNDHH
DAL S 2Bl %2 T TEAN K.

r 17 r 1T r 07
(1) le{a 2 |+bl 0 a,bER}, WQZ{C 1 CGR}.
L 3 L —1 L 0
r 17 r 17 r 07 1
(2) le{a 2 |+bl 0 a,beR}, WQI{C 1| +d —1] c,dER}.
L 3 L —1 L 0 4 0
r 1T r 1T r 07
(3) le{a 2 |+0b 0 a,bER}, WQZ{C 1 CGR}.
L 3 L —1 L 2

10.1.3 B={wuy, -, u, } BV OHDLE oz EEDHM By, -+, B, 1T T
B=BU---UB, (BBNBj=0) £L, & 1<i<r 20T, W, & B; DILTHRI LT
PEMET S, ZOLEV=W,0---aW, THS. ZNEt.

M110.1.4 Vector 2] V 28 V =W @---@W, LEMNIIOMLThS L L, FHT2E- W, D
BB ={uy, Uy} (1<i<r)Z2EDTEL. ZDLE, T2k B=DBU---UB,
TV ORETH L. TNEAIHY L.

f910.1.5 V=W, @ oW, &% din(V)=dim(W,)+---+dim(W,) ThH 2 & &R,
22T 6210 TR, HAEMOMOEE Wi+ + W, => W, ZHOHE S,

=1
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EIE10.1.6 V 28 K LD vector Z[H, W, (1 < i <r) 13 V OFmEETHS L L,
V=Wi+Wot - +W, THZET2. ZDLZ, XD I DEIFAETH 5.
(1) V=WiaWyd- & W, (IENTHE),
(2) EED2<k<ricxfL, Wi+ Wyt -+ Wi ) NW, = {0},
(3) FERD 1<k<r ML, Win ) W, ={0}.
i
B (1)=(2). (2) DEXDDH 2 2<k<r THRRLTHS LE L :
(Wy 4+ Way -+ Wiq) N W, # {0}.
:O)éjgf wyg € (W1+W2+~--+Wk,1)ﬂWk ﬁ)ﬁ{ftf 'wk;«éO kiﬁ% V@é&: 'wkEV =
wyp=w +wy+ - Fwp, w; W, (1<5<k)
ERIFEINTHSE. DD

0+---+0:0:w1+w2+---+wk,1—wk
ERD OB 2ENICRIISINDIZEICRDFETH S,
2)=(1). BB veV 22y I

v=w twy+ - -tw,+w, =wtw,+- - +w. ;+w,

tEEFINLETE. 2o 2 RoEZFNUL

(w1 — w)) + (we —wh) + -+ + (W1 — wy—1) = W, — w,
L5, Ik (2) DS w = w, THFIUERS 2w, FkLERZED B~
w. =w, w._,=w._;, -, w=w
H0Y (1) BRI Ebh 5.
(2) = (3) 1X (1) & (2) DFMEN:, B XU (1) DERIIETF IS 2w 2 E2FE UL, W,
o, W DIEFZ AIVEANT LT, (2) D k=r OEEEHNTDLD 5.
(3) = (2) I
{0} =W,N Y W; D Win (Wh + -+ + Wi_y) D {0}
D BIR NT. Tk

FEIE 10.1.7 [ % vector 2% V OHNIEHAL L, T, # O 23V OFIEEHAT 2 DDEEA:
(1) I=Th+Th+---+T,, (MOEHIF 7.1.17 ZH X )

(2) i#j %6 T,T) =0 (BER)

2T ER K DL E

TA=TT) =T, 1<i<r) TY Vv=1i(V)ehL(V)o --aT.(V).

Do F ) T IXEELF (1051 25 ThH 5.
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#10.1.8 W%, 3 DDfFF

1
1
0

0

0

Alz 9 A2:

1
0 0

OCOL)T,E:TAZ. : R4—>R4,’U,f—>Ai’U, (1 §Z§3) kﬁ‘ﬂfui\, I =T +T5+1T; T%b,l#]

WZOWT TT;, =0 ThH5.

SERA S5 (1) oA T, ZHEL (2) 2~
Li=Tl=T(T+T+ - +T)=TTHh+ T+ -+ T,T, = T.T;

ERD T, =T, D3N, RIC1016 IO FED 2<k<riZNLT

(10.1.9) (V) + To(V) + -+ Tea (V) NT(V) = {0}

THHI LR Ev. we (T(V)+ (V) +-+ T (V) NT(V) 13

(10.1.10) w =Ty(v1) + To(ve) + -+ + Tp1(vg—1) = Tp(vg), v; €V,
L&RIZZNS. (10.1.10) # T, TEXIX

(10.1.11) (Tx(w) =) Ty Ty (v1) + T To(vz) + -+ - + T Ti1(vg—1) (= 0) = Ty Ty (vp).

—77 (10.1.10) ol z bR\ 7RIS T, 2, iECR L@ 1,7, =T, TH 5025
(10.1.12) w = Ti(vy) = T Tk (vi) = 0.

£257T (10.1.9) 23K 37D, O

= H MR 10.1

10.1.13 Vector 22l V &£ Z DI Wy, -+, W IZOWTC, V=W, +---+W, TH3 L
T2, ZDLE,RDILEZRE. V=W @ - W, THHLDITIZ, 0V DWW, -, W,
BT % vectors DI E L T—RBWICRRINEZE I, b L w eWq, -+, wy € W, I
ONTO0=w,+ 4w, B w = =w, =0 £ %52 L, ZNDPNELITTHS.
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10.2 F/NZER
2T, FIESERE & SIS L NS IER LN 2 B DIC DL THES,

EFE10.2.1 ( ZHEABICKIT 2 ideal ) ZIHABR K[t] DITEE M 252 DDA
I1 M+MCcCM,

12 K[{t{]McM

ZIITH TR S, M 1E, 2OLHABD ideal TH S &\ IFN 5.

10.2.2 ROLEHFIFEND R[] D ideal THS. TNZRt.

(1) {0}, R

(2) {f®)eR|fQ)=0} {f(t)€R}[f(1)=0, f(2)=0}
(3) {gl(t)(t—l) + 9Ot =262 +1) | 0a(1), g2(t) € R[1] }.
() fi(t), - fo(t) €R[E] Z L DFEET 2 & =

{a(0)f () e (O Sa(®) [ 91(8), -+ gn(t) € R[]}

#WE10.2.3 M % K[t] DITED ideal L¥ L. ZDEE, H2 p(t) € K[t] BFEL T,
M = p(t) K[t]
L%, ZOMIRME M X p(t) THEBRIND Lvss.

fEEA 0 ZFR< M DILOR T, RBUPSERANGREHAD 1 D% p(t) L X ERIC f(H)e M &
L ZDEE HB ), r(t) eK[t] ITkD

f@) =pt)g(t) +r@), (r(t)=0 F7cid degr(t) <degp(t) )
LHT S ALL deg BEHEROREEET. LHdI2 r(t) = f(t) — plt)g(t) € M TH2Hh5,
p(t) DIEDTTHH r(t) =0 TRIFIUTZR S50, 82T M =pt)K[t] TH 5. O

FE10.2.4 10.2.3 OFIRIE, K[t] (& B ideal I (M#BEROMNE) TH 5, L6 3.

#E10.2.5 ZHA fi(t), - fult) € K[t] PHBEORTZRFLL VL EE, i(t), -,
gn(t) € K[t] DSFFEL T,

fi)gr(t) + -+ fut)gn(t) =1
L%, ZOHEXE fi(t), -, fut) 1T % Bezout 3l & 5.

AR X0, M = {/it)g(t) + -+ fu@gn(®) [91(8), -+, gu(t) € K[t]} & M A3
ideal TH 5 Z LRAEZIHErO OGNS, £DT, 1023 I2&D, H5%HN p(t) I2&DT
M= (pt))K[t] EFF 2. LHBIT fi(t), -, fult) €M THZD S, p(t) DRI 0 THIF
R, REICFIET 5. p(t) DXRED 0 THIUET M =KJ[t] £% 0, GEHIZZET T 5. O

EE 10.2.6 (IEATAORNLIHA) 1E5175] A ITHL, f(A ) = O %l %HA
ft) € K[t] DT, REDS/IND» ORER DG 1 THDLHDD % ua(t) TRY. Tid
D 1028 25, THIFHITHEL, —BIICEE 5. ua(t) 2 A O DL IEI LIPS

DR ERDBEDS 1 Th 2 %IHA% monic LT 5.
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1
1

1 3
1 3] IZDWT pa(t) = (t—1)%(t—2),
1

fl10.2.7 3 XIES1TH A= , B=

2
pat) = =Dt —2), ep(t) = pupt) = (t—1)3 TH 2 (fero k). ORI, RASHIER & FEH
GZERIHRLEDONE KT L2215 L, RINFPEHADPERZFEOEELH 5.

EIE10.2.8 (THlDRNESHEADEAE L —BM) IE51751 A ISR L, RO Y 325,
) A DORNEIERIAFMEL, L bHE 1 DICRS.

) ADY A DEIAME < pa(N) = 0.
)

(
(2
(3) 0 f(t) €K[t] I2wT, f(A) =0 = pa(t)| [(t). FFIZ pa(t) |pa(t) TH2 7.

3

SEER (1) WE J = {f(t) e K[t]|f(A) =0} EtBL. JIFK[] D ideal TH 3. £>T
10.2.3 12X D monic % p(t) e K[t] BWFEELTJ =pt)K[t] LFHIT 2. ZDEE EEITKD
p(t) RN EIHR pa(t) 1XMthe 5 %00 o INGEABFET 5. —77, EAGRNSHA D
J DILTH 555 p(t) IZ monic EZIRTIUT—ENTH 2 Z LTk D, —BHENES.

(2) A DIEEDORBEHME N 1220 T Au = Mu (Fu # 0) 26, EEOLERK f(t) IK20»T
f(Au = fNu DD LD, FFIT, pa(t) 1220V TIE 0 = 00 = pa(A)u = pa(N)u W2,
paN) =0 £, (2) D (=) BRENTF. —J5 7.81 (C-H DEH) 12X D pr(A) =0 D2
oa(t) € J THBH, (1) DIEHAD p(t) DIERD S @a(t) 13 p(t) = pa(t) THOYINS. kO
THRD DEIRD TR 7. O

—MROFIEEML T - U — U 1220 ThH, WEFTERRRIC U 0% ED TEERTHIZ O
TEZETDLIET, ROERICES.

T 10.2.9 Vector %M V OBIEER T 12K L, f(T) =0 %7z T4ERK f(t) € K[t]
DT, REDR/INT monic BEHRZ urp(t) TET. XD 10.2.10 I X D, THUIFEE
L, ~BICEE 2. ur(t) 2 T O BSHHEK LS.

f10.2.10 V 2K K E®D vector & LT,V O¥e% 1 DIRDTEET 2. T %2 V OfYE
ML U, A Z0RICBT 2 T oXRBUTIIER K. £/ ft) 2 K Lot DFHEAL T 5.
DR EDRY VDT L 2T,

(1) f(t) €K 1E2VT, f(T) = O (&M < f(A) =0 (H).

(2) pr(t) = pat). B pr(t) BFAEL, LSHE 1 D LFEL 2.

(3) 0# f(t) e K[t] 12T, f(T) =0 = pr(t)| f(t). TS pr(t) |@r(t) TH2.

(4) XD T OEAME < pur(\) =0.

N2 0DLIR f(t) & g(t) IDWTg(t) B f(t) THIDYIND Z L% f(t)|gt) LT
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= E M E 10.2

10.2.11 A1 A 552 SOELH B & C Ie£5T A= {B C} LD L X
pa(t) 1 pp(t) & pc(t) DRINNMELIHNTH 2 2 L 2RE.

10.2.12 XD DO R/NEHEA%Z KD k.
3 3
-1
(1) 3

W =
wWw =

(2)

1
3 3

1
3
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10.3 HAIGERACZEER, AR 1TS
Z 2T, Toeplitz DEM 12.5.8 DN S E L FH LR T 2 FHEL WL D0l RTEL.

WiE 10.3.1 Ty, T »° C LOIPERT T\T, =TTy TH 5 EE, RO Y L.
(1) T, DEFZERIE T, K2 TZNHBIIEINS.

DI EET DEBZEMIE T, TAE THERE LV,
(2) Th & Ty WCHSEDEA vector DSFFAET 5.

BEEA () A2 T, D1 ODEAEMEEL wue WAT) £T5. 2OLE Ti(u) = u W2,
LB, ShUE Ty(u) e WNTY) TH2 I EERT.

(2) C kT, EARBIBE#HEL A LS 1 DA vector ZFFDD2 6, Ty 1 W(N, Ty) DFIE
2t LT vector ZFi00, 24Ut Ty & Ty ICHIBDEA vector 127 & Ze v, O

W 10.3.2 A & B2 C LDIENITHIT AB=BA TH 5 EZ, XKD LD,
(1) A DEEZEMICET 2 w IZXW L Bu 37 Z20%EMICET 5.
(2) A & BIZH@ZMA vector FET 5.

SEEH 10.3.1 2o TH 5. O
RO 10.3.1 DIEITTEOCEIEDIR D 37 -

fiRE 10.3.3 V OFEER T), T, 122w T, Ty SAALAIEET T) DIEE DA 221X
T ICkOTZNHBIBEEINE LE T\, =TT, TH 5.

SEEA N % T\ DIEBEOBEAMHEE TS, ue WAT) DEE, Ti(u) = u THEH 5,

(1) (u) = Th(Tz(u)) = ATx(u) = Tr(Au) = Ta(Ti(u)) = (12T1)(u)
Eleb. —J7, 7710 XD V DIEED vector 1& Ty DOIEAHZERIICIET % vectors DRNITEIT 5
D5, BRI O, ]
EHITH A IZOWT Ty 282310, 10.3.3 230N EE L 2 FERBK D L.

#RE10.3.4 2 DDf1HI Ay, Ay € Mat(n,K) 1220\ T, A; SR ALTTEET A DEED
ﬁ%'ﬁﬁlﬂiﬁ, /5:{%% u — AQ’U, CCJZ“)“C%*LEE'GC'E;%‘*L% k_ %, AlAQ = A2A1 Td%%
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B H B RE 10.3

10.3.5 XD 2 DDITHIZDOWT AB = BA TH 5 Z L 2lfEDD, A & B OHIHEDEH vectors

3Tk k.
[ 1 3 1
(1) A= 2 21
| -4 3 6
33 17
2) A=| —13 —4
35 20

6 —2 1

], B=|-3 71

1 -2 6
—22 31 —15 21
9], B=|-10 -6 7
—23 ~50 —25 34

10.3.6 Ty, Ty 1Z & B2, MfAflnlEgZ C LD vector 22 V OFYEZMTH 5 & L, 1Ty = TT)
DIRDILOTH2LETE. ZDEEV OEPFELT, ZORIINT S T & T, ORBIFTY

BESL S BNATINICE S, ZNZAEHE K. (Hint: 10.3.1 23 )

( 2RIz, T & Ty 13 AR AR TH B EE S )

w

VD ZofERz P=| 1

5

-1 4
2 3
0 8

)

Ay

A=PA P!, B=P(B*+2B)P ' L2 bDTH 5.
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10.4 BEZTHBOENETHIOEM

Vector 228 V' 23, &322 W; OEHNIT
V=WeW,e& --aW,
ERINTHDETSH. V DF vector v 1
v=w+ - +w, (w;eW;)

DIGIC—EBIICEI NG, ZNZEND W, DIMIEEIR T, NE~NLEV ORI} T %2, |
Do %
T(v)="T(w)+ -+ T (w,)

WCETHDELTED S L, ZIUIBIEER I 5.

EFFE10.4.1 FORMOLE =
T:Tl@'@Tr

LEL T T, -, T, OEREVS.

EHE10.4.2 ((FFIOWA) EHFTH Ay, -, A, 12OWT, 75

EFE10.4.3 (AliZ2R] ) Vector 22 V OEZZEM W 35~ b &,
V=wWaeWw
7 72 9 ER AT 22 W 2 WD fliZEE & RS,

T W o —BNICEE 20T TIER, 8.1.13 TR EASHIZM WL 3ok
Rzl TH 5.

= E M RE 104

10.4.4 wy, - Up, Upyy, -, Uy 2V DIEETZ. BHID vl wy, - -, u, TERINDTS
iz W ETBHE EROD Uy, -, w, TEEINBETZEE W T W OffiZzEETHd 5 2
&R,
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10.5 EBFETI (FETN), fHEF, BF1TI

HIffi CHAZTEMOMERICBEET 2 M E LT, 22T, BEFTIE S DIZ OO0 TR
TE L. n RIG vector ZE2[H] V 53 2 DD 524 Wl, Wy, DIEEFTH D LT 5 :
V=W, o W,.

vEV Bv=w +wy, w EW, wy €Wy ENRINDZEE, v IZZD W, KT EFERRNE
w, ZNIBZEEHR T VW, CV, v—w, 13V @fﬁ%ﬁé%ﬁ’@f%% (fErDd L) . I
EHET EWENS. COLET*=T TH 2. FEE w O W, JLTd wi BELDENPS,
T} (v) =T(T(v) = T(w,) = w; =T(v). ELXLPHEDLIC

veW, < T(v) =v,

veWy, «—= (I -T)(v)=v <= T(v)=0
ThHHrZ DN S

E#E 10.5.1 MITKIBEM T 25 T? =T %9 & ¥, T i%ff L EIE NS .
¥, B2 meNPHFELTT =0 25L&, T i B LN D

WE T 28F2HL LT dim(V) =n, dm(Wy) =r &L, W, OEZ {uy, -, u,}, Wo D

b6, TOMICBIT HRBUTIIE A, DD, i=1 i=1
(T(ul)a 7T(ur),T(u7~+1),"' 7T(un)) = ('u,l’--- Uy Uy, ,Un)A

b R (U 1
(10.5.2) A= 1 (125 r s )

Lah A2—ATHD L 0

TH10.5.3 —HEHC A € Mat(n, K) 25 A2 — A #Wl7d & X, A 13 B £ 712
ST EWEIEINS.

7, EOWRWT, GBER v — wy ORIUTINZ, oD A Z2{EOTTI—-A kD,
(I—A?=I1—-A Al-A)=I-A)A=0
DL D LD T EDMEHICTED D 51D,
RIZBEFITHNC O W THRRTEL .

EFE10.5.4 [EHTH AIZOWT, 5 me NDHFELT A" =0 %5 EE, A X
BEETY] EREND.

01 -3
f10.5.5 A= 0 2 ] EHEED 3 XKIEHIFTH] P lzDoWT P LAP WEETHITH
LB, 0
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149

(1) T 13 FEFEH
(2) A XFEEFLTI.
(3) T DIEFAEIZ 0 DATH 5.
(4) A DFIEEIZ 0 DATH 5.

A 10.5.6 FYEEA T O b 2B T2 KBTI Z A L¥ L. XD 4 DIFFEETH 5.

SEEA (1) & (2). e NIZOWT TY OERBUTINZ, 736 KD AL TH 205G .
(3) & (4) X 762 »6bh 5

TH—0 THBM6, 0= THu) = Nu. WAIZ A =0 TRIFIULE S AL,

(4) = (2). ADRBE n £ HEXD pa(t) =1t" 781 (C-H) &) A" =0. 2% D
IFEFETITH 5.

149

)
()= @) N2 ToOEAMEEL, T(u) = %% u£0 28 WX, H5 LeNDBHDT

A

]



150 2019 4¢ 9 H 17 HAl § 10.5

HEMEE 105
10.5.7 "[#ily 2 DDEFELTHID scalar 5, fl, DO END, BETIITH S, Tnznd.
10.5.8 Vector Z2fH] V OFEELH T N5~ L &
Wi={ueV|T(u)=u}, We={uecV|[T(u)=0}
EECE, W =T(V), Wo=(I=T)(V),V =W, &W, DIRDZD. N5 ERE.

10.5.9 A % n REFETINET 5. n KIEAETY P 3FAEL T
1

P1AP = 1
T
ERBILZRE. 2D LEDPS tr(A) =rank(A) TH B I LD3DD 5.
10.5.10 m — 1 fHD1TF1 Ay, ---, Aoy € Mat(n, K) %%
AA; =04 1<i<m-1,1<j<m-1)
Zii7zd &9 5. ZORRITIIOMZ E3CEFTIR LR ZOREMICOWT, A =
A+ + A, B E
A2=A AA=AA=A (1<i<m-—1),
AK" =AK"&® --- ¢ A, 1 K"
DIEDID. IHIC A, =T—-ALELL
A4+ A, =1, AA =04 (1<i<m,1<j<m),
K'=A4K"® - --- & A,K"
DIR YLD, TNSD T ERGEHE X
10.5.11 (Skolem-Noether DEM) f : Mat(n,K) — Mat(n,K) %, FEHRTIT %, ER
D X, Y € Mat(n,K), fEED c € K IZDWT
JX+Y) = f(X)+ f(Y), f(eX) =cf(X), [(XY)=FX)f(Y)
27z ET 5D, (DI E%, £ Mat(n, K) OBtE LT ACHERM TH 5, L1s)
ZDLE, PeGL(nK) DBHEL T EED X € Mat(n, K) IZR LT
f(X)=P'XP

&5 T L ziEWE K.
(Hint : (i,7) Ko D3 1 TERLSNDERITHTRT 0 TH 21751 I; 1I22WT f(I;) 2EERE K. ([S], p.127))

10.5.12 XNALATHE 2 BRZTINIZTIOATH 5 2 L B,
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FE11E Jordan EXEH

11.1 ¥#EBZEM

R TE ZRWITHNI LT, SATINTE WIEDOBHEREDS, WA WA N TH DD, Z
DREMN D DTH S Jordan EHEZIZOWTHRZ. ZD 7oz, [HEEMOMEZIRR L
TELADLEPDH L. ZOfiZHH L T, TXTD vector ZZIF K=C LDObDIRENn 5.

EE11.1.1 BEEAR T oMEL 2EEHOR2MEE o, -+, ar &L, ZDOEBELEAE
pr(t) = H(t — ;)"

=1
ET5. ZDLEE, K ilZDOVT n & o D EEE LS IEHTH A IZOWTH A
T, A DMHELRZEEHEOREE o, -, o & LT, ZOEAELEAD

palt) =[]t — o™

=1

E&11.1.2 T %2V OFIBEIE T2, 1 35 FTCOWEYHEHEGREZRTLDETS. T
DREAME N XL

WANT)={ueV|[(T-A)u=03lcN)}
EBS. Iz T o XNICBT 2 BEEAZM &S IEG1TA A l2DonTh

WA A) = W(ATs)

ERLL T A o HEMEA 2L &S
31
31 ]’C“%Ed?‘) SNDHEIEEE Ty R? = R3 Ty(u) = Au IZX L, Ty

3 .
DEGEIX 3 DATH D Z LxMEP O LT, W(3,T) BEX W(3,Ty) R k.

f11.1.3 A=

EE11.1.4 (1) 11.1.2 DRWDO TT, S 24 W(w, T) 1E Wy, T) DE2ERITH 3.

(2) XD 11.1.5 (3) & 7.7.8 DLW &, FPELW T ORIUTHIDN LT E 25613,
Wi(a;, T) = W(a;,T)

L.
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EHE11.1.5 V OFIELLE T OMBEL ZEAGHEO2RZ ar, -, o EF 5. KDY 3L

(1) ZOWT, TICED W, T) 1d ZRHE~NEHRI NG,
(2) VixZ m%@ﬁm;Amﬁma

V= @ W(ey,T)
=1

S (1) OFHH. meNIKOWT, T & (T — o)™ EHHTH 205, uwe W(w,T) %5
W, 5% meNIZDWT (T —o;)™(u) =0 THD,
(T — a;])™(T(w)) =T((T — a;I)™(u)) = T(0) = 0.
£oT T(uw) e W(w,T). .
(2) DR, T DEALENX or(t) = [t — a)™ OEFELT fi(t) ZROBICED S

i=1
r

fity =Tt = ay)m.
Fio oo £ BISEORT 2 H 725055 1055 & D SR g1, - g, € K[t] DEEL T

(11.1.6) L= g1() /1(t) + g2(t) fo(£) + - + g,(1) (1)
LR T = g(T)f(T) LB &
(11.1.7) I=T1+To+---+1T,

DIRDILD. 2D T; 13 10.1.7 D 2 DOFEMZI 9. £, &MF (1) 13 (11.1.7) Kbk 5 7%
W F % & (2) T =0 (i #£ ) WWBLTE, gi(t) fi(t) & gi(t)f;(t) DEEDS pp(t) THEID Y]
N2ZLETS1(C-HEM) Lhobhs. Ubrs
V=1(V)eL(V)® - --aT.(V)
DD D, XOT (2) ZARTICIE
(11.1.8) T,(V) =W\, T)
ThHhsHI LRI
EBEDO w=T(v)eTy(V)(veV) &k tdL&,

(T'— ail)"(w) = (T — ou1)"Ti(v) = (T — i 1)" g:(T) fi(T) (v) = 9:(T) fi(T)(v) = O
L% kOTweW(w,T) THH, TH(V) C W(w,T) Sbror.
RIHEOAEBIRE TS 9. ged (t—au, i(t) fi(t)) =1 TH 55 10.2.5 b, fFEED
m e NI L, ZHK p(t), q(t) DEEL T pt)(t — )™ +qt)g(t)f;(t) =1 E%D96,

(11.1.9) p(TNT — o)™ + q(T)T(T) = 1
ThHD. VEmEFIKICED ERIC we W, T) % LU,
(11.1.10) p(T)(T — ;)™ (w) = 0

Ths. £7q(T) & T, =g(T)fi(T) (TR 2, w % (11.1.9) DEHATE L, (11.1.10) Z{#
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5t

w = q(T)T(T)(w) = T;(¢(T)(w)) € T,(V)
TH2. EOTWWN,T) CT(V). UEbT T(V) =W\, T) dREns.
(3) DI, W, = W(q,T), dimW; =n/ 8. Wy, -, W, DEEBERLE E, Ths %2R
725DIF 101412k VoRICRE. W, BT ICBHL TAELZDT, ZOHICEHT S T 0k
BATA A 1%

A=AV g ... A® (@13 1042 2R L)
DIGIZ7 5. 2212 AD I, WEIBAL W, OILICBIL, T %2 W, IZHIR L 728y E % L83
% n! RIESFTHICTH L. W, DRICIERTH 205, WEFHEBOERL D N, = AD — a1,
EREFETAI TR TIUE R 5T, 10.5.6 225, ZDFEEEIZ 0 DATH D,

on, () = [thny — (AY — il )| =
%%, 22Tt & - WWEEENT pu0(t) = [ty — AP = (t — o))" DD,
pr(t) =pa(t) = [tI — Al = HfA(> H (t— o)™
&0 n,=n/ THRINTZR S0,

U

AR 11.1.11 22Tl 1115 oifHfPcHw R S 2SS ERIC v e V 2 LU, —F
Iz
v=wi+ - +w, w; eW(ai,T)
EfRING. —T7, f;(t) DEFKE 11.1.5 (3) DB E RS j #£4 @&%,gj( i)f (A ) =0
Ti(v) = Ti(wy + - w; + - + w,) = Ti(wy) + - + Ti(w;) + - + Ti(ws) = wy,
(11.1.12) 9;(T) f;(T)(v) = w;.
21582, OF 0 g;(T)f(T) 1E V 25 W(ay, T) ~DEET (12.2.2) 12ftizz 5 20>

WRE11.1.13 N\ ZHYBPLI T OFIGMHE L, ZOEEBEEZ m 75 ¢
WT) = {u| (T = \)"(u)=0}.

SR 11111 DFREET A =q; THBEL, gi(t) = g(t), fj()_f() EE(ZERT S E
W R TIFIAPALITEEND 2 2RI L. (6= N f(t) | er(t) 7255 C-H EB
T8LICED, (T-AN)"f(T)=0 TH5. ZOLE LHD we W(A,T) XL, 11.1.12 T
v=w & ENIF

(T = AD)™(w) = (T = M)"g(T) f(T)(w) = g(T)(T = M)" f(T)(w) = g(T)O(w) = 0.
FOoTwe{u|(T-—A)"(u)=0} TH5. O
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YRR 111
11.1.14 DITICGA60 5 C* OFYIEER Ty 122o0WT, ROMICENK -

7 =3 0 2
1 21 0

: H =
TA CCI—)A.’B, { L A 6 43 —3
-9 6 1 -2

(1) Ty DEHEE ZDZNZTNOEBEZ KD X.
(2) ZNZNOEHMM A Ix L, ¥EFEHZM WO, T, 2K k.
( Hint : 11.1.5 OFEHF D (11.1.8) H %\ 1d 11.1.13 2w k. )
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11.2 Jordan {E¥F
SHEAL T 2 2 WA S & o 7 FEUEF & LT Jordan 79 & MEIEN 2 b DA END.

EFE11.2.1 neN & Ne KIIHL, ES51T5

Al
Al

% Jordan il &£ AT J(\,n) TET.

$l11.2.2 XDOITHIFEND Jordan MIlATH % -

2 1 -5 1 01
J(2,3) = [ 2 1], J(=5,3) = [ -5 1]7 J(0,4) = 0
2 -5

EFE11.2.3 V< O2D Jordan MMEDEMTEI NS IET1741% Jordan {151 & W5
MO T O3B L CORBATIID Jordan 1751 J THBHEE, JIE T D
Jordan ¥ TH 5, & \vé.

5 11.2.4 Jordan 1171 DH - 2

1
J(2,3) @ J(5,2) & J(—1,1) = 2

FEE11.2.5 V OXRZELSICE UL,V OEFELW N ORBUTI A IZRDIBICHR S
(11.2.6) A=J(0,n1)® J(0,n9) ® -+ J(O0,n,) (Jordan 1751).
22T,y > >n, RBFEGZBEMTIUL, EOTINE—ENICES 5.

SERA N IFEEFAMT NV ALO, NV =0 LT 5.
WO ={uecV|Nu=0}
EBITIE,
V=w®Woswtb5... 5wl 5 {0}
WE dm WO =m;, mi—m_1 =7 (1<i<v),my=0 B, WD OFEREDIEIC r,
D vectors ay, - -+ a,, ZFIANT W DIk 2RI UL
(11.2.7) W =(a,---,a,) ® WD,
ZDEE, Nay, -+, Na,, c WD TH 205, 245D vectors & 1 KINLT, D
(Nay,---,Na,,) NW¥2 = {0}
E%%. FEBE o yNay + -+ ¢, Na,, € W2 31U,
N"2(e;Nay + -+ ¢, Na,,) = N Yca,+---+¢c.a,,) = 0.
k27T, qai+---+ea, e WED L2221 (11.2.7) 205 (ay,--+,a,,)NWED = {0}. W
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2l ci=-=¢,=0 DEDPSr,<r,_ b0 2. 2T r,_; —r, D vectors a,, 1,
e ay,  WEELT, W2 o3 Nay, -+, Na,,, a,, 41, -, a,,_, 2RI D D0
W=D oI b. TRIEL

(1128) W(V—l) — <Na1, ce 7Na/r,,7 Qp i1, 7a"11/71> D W(u—2)'
fitoC, LERBRICLT
N2a17 e ]\,72(;',1/7 N2ary+17 .-, Na,, , € w2

E 1 RMNTH D, 2o,
<N2a17 . 7N2ar,,a Nar,,—i—la . 7Na’7”u—1> N W(V—3) — {0}
THLZEDODS. £OTr,y <71y UTHEHERIZLT 7, <r,_y <---<r; T, vectors
ai, -, a, ZHE4ITERL
(11.2.9) W = (N" a1, Ny, @1, G, ) @ Wb
ERB T EDGEHI NS, 215 D vectors DK
U {N(an)0<j<v—i rn+1<k<r_i}

1<i<y

1, 10.1.4 £ 11.1.5(2) 12k D,V OHE 52,

W ot 1 Nay, ---, Na,, Qryt1; 200y Ay
W= X
T N”’?al, N”’Qan N”’Sa,.vﬂ, e 1\'"73117»,,,, Qryi1, 0y Gy
W® ok
T
wo o | Nlay, -, N*la,, |N'2a,., -, N 2a,, Na,,.y, -, Na,, Qryi1, oy Gy
v v v
ST r+1<j<r IZNL (a;, Naj, -+, N'"ta;) ZHL2IC N TLELRBIEMTH
2. ZORDIETFEBIZL 7S DICBI LT N 275 TERBHL TARS &
01
N(N“laj, NZiQCLj, ety aj):(szla,j, N”Qaj, ey, aj) = ..
0 1
0

E% 5. DT EDOMICIEA T vectors D) BIRAINICHZHD (v i) Z D26 LDIHIZ
N, ZFORIZ, B2 HBbD%E 16 EOETIHR, ZhZ2RAHFE T RO>TES 1Lk
vectors Dl %23 & UL, WIRT 2 RBUTH A IITEDOICRS. ZD L &, 55647 Jordan
A0, D EROB DM ny > - > n, 2L ThH 5.

(—EM) WE, NV ObBFEICBIL THlD Jordan 1751% RBUTINCRD L/ L. Gisz
gL <) Nz (11.2.6) DLEHADETHLEE L. 22 Tny>--->n, THBHETH. 2D
X, ZDHE T vectors DEFNFND N I L VBT %7 FiUL, 2nkciclins v, r,
m; FITRT, (11.2.6) DA, RS ny, -+, n, DAPLEFE S I B3OS, fINEv=n,
THO,r, 1 ng EFLVp ODEKIZEKT S, L3I, ZN6DfEIFEND N OADPS
EDLNTbDTH L0656, (11.2.6) DERARRNIE—-ENTRIFIUI RS R0, O
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fE 11.2.10 FIELHL T OMBE L ZEEEO TR TR 5%8E68% {\, -, M} &
T3, KilcowT T 2 WAT) ORIVERERMLEZbDZE T, L35, £ 1, %

W\, T) DS (BEEHR) £ 92%. ZOLE T=T1¢®---&T, THDOT

T—ML@ - ® ML)
BRBLEWMCTH S,

SEEA AR 11,15 1l & 7\, MEREHZERIDERD S T, — NI 1 WA, T) DEBEHRT,
T_()\lll@"'@)\rlr) = (T1@"'@Tr)—()\111@"'@)\r1r)

=(Ty—Mh)&- & (T — \I)
LROTHEDS, fEizlts.

EE11.2.11 V ORIEEMR T OMERZ ZEAEOTXTZ {\, -, M} &T5.T 13
WY 2 BB L T ROBDTHNC & 0, IEM DR 2 fdl 3 rud— =i, £BIh s

A= J(/\lvnll) b--- D J()\lanlml)@"' D J(/\T7n7"1) D ---D J()\ranrmr) .
I Aq S A

7 T ORNLIHERIL N, =max{n;;|1<j<r} LT XXTHENS :
pr(t) =[] =)™

i=1

SERA 11.2.10 DFAEHIC LY, V ORISR V =P W\, T) IKIEL T,

r

i=1 N
T— (ML @NL) =T - NL) (ST LI WA, T) QRS
=1
THYH, COBEMHATOZNETNVBEEZLMTH 206, 1125 12Xk D, @M 2HICBHL C
T—(ML®--@NL) ORBUTINE J0,n4) D - & J(0,n4,) DIETEINS. DB
T, = NI+ (T — ML) OFEBITING, I, % k KEAAT50 & LT

Al + (J(Oanil) ©--- @ J(0, nzmz)) = ()\ifni1+<](0,ni1)) DD (Ailnimi+J(07 nzml))

=JN\,nin) @B J(N\;, nzmz)
EHRUC S, 2N SFTED RS, —EMEIX 1125 o—EErsolkcdhs. O

EFE11.2.12 11.2.11 O—ZMEIC#EA, BIELH T OFREATH] 5% Jordan 1751 B IZHHLEL
ThHtuL, B % T @ Jordan BEHEIE LFRT 5. L /IEHTH] AIZDWT Ty @ Jordan 15
RN B DEE, B% AD Jordan BHEIE LFRT 5.

I 11.2.11 2P0 EETHRTE L.

EE11.2.13 (1) EEDIEHITH] A 13H % Jordan 1751 B EMEITHS. Lo, Jordan
MO NE % BT B IE—BIICEE 5.

(2) pa(t) = pr,(t) (10200 2R %) TH Y, Z4UF Jordan HHERZ MK 5 Jordan #HfiE
DERT 5 11.211 DRRICGE~SNS.
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EE11.2.14 L5700 A SN LATRETH % & & A 13 FHHITTI] TH B v idins.

R 11.2.15 LEOTH] A IZROREMICENIcRINSD.
(11.2.16) A=S+ N, SIFFHHMTI, N I3FEHFETH], SN = NS.
ZDEE, S, NIFADKBRELEAL LTINS,

;A VW E A DRZEGHEOERE a, -, o EL,
pa(t) =[]t =)™ fit) = [ [t =)™

i=1 ji

EBL. ZDEE 11.1.5 DI L FHRIC
1= Zgi(t>fi(t)

L d gi(t) e K[t BHFIET 2. W E,
S=) agi(A)fi(A) (THF A DK FELHEXTH S )

LEE, W, A), -, W(a,, A) DZRZNDIHE (] vectors) 2D, 24 Z MW~ TT
E 5 1IEH A% P L3R A; € Mat(nj, K) 2MFEEL T
Ay ailp,
AP =P EEV, £72 (11.1.12) 26 SP=P .
A, sy,
LB DD B, DF D B=P 'SP BRNATIERS. LOT S IFERiThs. 7

N=A- ST IE
S EBU N,

P'NP=P'AP-B= N _ . Nj=A;— o5l

N
BN, BEBETHI1O, N BVERETHL. RI—BWUZHHTS. A=S+N=S+N"¥t 2
WO IR IN L KREICLD SN =N'S THH056,5 LN IFALWHTHD,
oI ADLEATHZ SN EHAHATHS. 1036 £ S & 5 FFRIKpTWALI NS
25 S—S IFLHMTH D, 1057 125D NN BEFEGITHS. Wk S-5 =N-N T
H5H5 10512125 S-S =N-N=0,H1b =5, N =N ThiFtukzoz\w O

m B RE 11.2

11.2.17 ED 11.2.15 IZ8WT, A D Jordan BHEE %2 J L L, J = P7'AP 7% 2 1EHIfT%1] P
ZHD, S5 JONARSTD 1 2ED 1 % (FHETIUL) TXRTOICESTWEANTTE S
Bi5l% B L35 L %,

S=PBP', N=P(J-B)P!

ThHhb. Nzt
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11.3 @l

FPRIZ Jordan HEHEIE Z RO THA S . [HGLIHADEIRZ £/ 2 WEE1E Tl 7.7.8 T
Lo, 22T, B HEMBZEOEAZID 2T 2. §HETIE 11.2.5 DFEHZ UL X <
TRCOEEME A IOV TWD WO ... DFRTERDDZZEICKS. DT, EHDD
I, IEAfTA A EZOBEAME N, BX K i=0,1,--- IZD20VT

WON) =WONA) ={uecV|[(A-I)u=0}

1Y

tET I EICT S,
4 2 -1

FIRE 11.3.1 175 A=| -3 —1 2] ® Jordan fE¥EEZ KD K.
—2 -2 4

B 20, HELHAE KD, oa(t) = (t—2)2(t—3) 2135, X512
-1 1 -1
W@)(z):{a[ 1 0] a,be(C}, W<1>(2):{a[ 1]
0 1 0
0
W(l)(?)):{clll CGC}.
2

THLH05 Y, 11.2.5 DIEHICHED T

+0b

aGC},

1 1 0
alzlo s (A—2>CL1:[—].], b1:[1]
1 0 2
e, 110 2 1
P=[(A-2])a, a; b1]=[—1 01|, P'AP= 2 ]
p 01 2 3
2155,
5 3 —2
FIRE11.3.2 179 A= | —4 —2 3] ® Jordan IH#EE %2 K& X .
-1 -1 3

B FEAELERE oa(t) = (t—2)° THD,

-1 1 —1
W@)(Q):{a[ 1 0] a,bE(C}, W(l)(2):{@[ 1]
1 0

0
£0HBD5

+b

aEC}

1
Thb%. T (A—2[)2[ 0

170 3 ~1
alzlo : (A—2I)a1:[—4 , (A—20)%a; = 1],
0 ~1 0
-1 31 2 1
P=[(A-20)a; (A-20)a; a;]=| 1 -4 0|, P 'AP= 2 1
0 -1 0 2

2135,

DWw@ (2, A) Rk 21213, HIRIEIC KD Bezout FX 1-(t —2)2 + (=t +1)(t—3) =1 23T, 2Lz FAHL
TH k.
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5 5 —2
fIRE11.3.3 179 A=| -3 -3 2] @ Jordan BEHEEZ KO K.
~-3 -5 4

B ZoLaD oalt)=(t—2)° TH D5,

-5 2
W“)(Q):{a 3| +b 0] a, be(C}
0 3
1
D32 RIGED S WA(2) =W (2)=C3 &% 5. o] gW® 26 Ik a LT,
1 37 ) -5 2
a1=[0 ,(A—zj)alzl—s ( [ 31+1]0 )
0 -3 . 0 3
-5
INH6D 1 XEEATIEERE R\ vector £ LT ay = [ 3 | Zi#EAT
0
2 1
P:[<A—21)Cl,1 a; ag}, P_IAP: 2 ]
2

2145,

NS DD S, FAESER oa(t) BEREROGHAR, 20T 5 A O Jordan BHEE %
WETHZLRTEROI EDDDD

BIRE11.3.4 A BZIEHIAITteC ¢35, 2L E, BAWRENEE LT

exp (Ztr (A7) —) = det(I —tA)

]100

B LD 2 &R fHL exp(t Z 3.

B A DlEGMEL {a, -, an}, Jordan @%ﬂy% J TR tr(A7) = tr(JY) Za, &
AL EDRTTI6 L 113812k DThrs. kOT

(o) _eXp<ZZaz ):exp<2§:az fﬂ)_exp( i

7j=1 =1 =1 j5=1 =1 j5=1

= exp (ilog(l — ait)) = exp (log U(l — cwf))

=det(] —tJ) = det(I —tA)

3

o0

J
LAEDIEHENG. 2T log(l—t) = Z’;—, L 75, U R L < D%,
=1
exp (log(1—1t)) =1—t %ﬁ@‘@bi%’fﬁﬁ& HEITH 5 2.

2 FEN - GRS 3 AL X — A B X — & B PR (2001 4E) @ pp.32-33 22,
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= EME 11.3
11.3.5 X175l A izt L, IEAIfTH P %2 5~T B = P'AP % Jordan I#¥#EJZ L ¥ X -

5 3 -1
(1) A=|0 4 —1].
37 1
[ 1 3 2 -1
() A= |10 129 =
11 —11 -9 5
1 -1 -1 0
[ 3 5 4 -2
8 10 7 -4
(8) A= 1 =1 1 0
5 5 5 -3

11.3.6 1IEAH A ICH L, KD 2 DDOEMRFEMETH 3 2 & 2Rt

(1) pa(t) = @alt).

(2) A DEBDMEAMHE N IZX L, A D Jordan BEEIZICIE X ZEAE L § % Jordan fHlficdA3HE
12T EENS.

11.3.7 RO D RN LIEA %2 8.

(1) A=J(3,3)® J(2,5).

(2) B=J(3,2)® J(3,5) @ J(3,5) @ J(2,5).

(3) C=J(=2,1)® J(=2,2)® J(3,5) & J(3,1).

11.3.8 ( Frobenius D& ) 1741 A € Mat(n, K) DEEHED %z, BEEZIFL T ay, -+, a,
LT3 e ST (1) € Ki] 1L, f(A) DEEIEIE (), - flan) THD & 2R,
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11.4 Jordan HREFEICOVWTOEER
D7 ¢ =cosf, s =sinf EFlT.

cc_12czcc_2—|—sco
{s —3] [52 2}{5 —s}_[ 0 2—56:|
XD 1 HITH B2, 0 -0 LT3 L, IEALEmDITINDNE 2 SO EFEH L, 5
U DATHNIIFIERI 2T/ LT L £ 5. b EDITFNEIRNARTE R W DIZ% D | Jordan
EEHEIZ

[ 2 ; 1 (FEFfiE 2 12BI9 % Jordan i)

2725, TNOEBTHIE D B A AT TH 5. 2 DERIC Jordan BEHERZIZ b & DITFHID
EIIG L CEFEICEONZ DO TRE R WO, BiEiE L £, b0l OED TR
LSEIREIC 22272 0 72 & s 72 0§ 385A1E, RIS OIC S . 20Ty, BERB O #E
THIFN B HIZ, Lie Bz £ C, EHTH A IS L CexpA Z5HET 358 EICHERT

HHM5THDL. HINE
exp (P_1|: a 1 :|P) _ P_1|: e e¢ :|P
0 a 0 e

L ERRTDICfIZNS.
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11.5 WHOAEBRXOEEAD Jordan EEFDIGEH

SIRBCE OIS~ DN & LT, t DB 21(t), 2a(t), w3(t) 16T B B R

x1(t) [ 4 2 -1 x1(t)
(11.5.1) 7 z(t) | = -3 =1 2 zo(t)
x3(t) | -2 -2 4 x3(t)

ZHEICOWT, X DA TR A DR Z REE TS, BENTTOABNTHL. ZTIT
z(t) ] 4 2 -1
x(t)=| z(t) |, A=]| -3 -1 2
x3(t) | -2 =2 4

EEnT, (11.5.1) %
%m(t) = Ax(t)
ERT. iR ERICEVCTE L OT, HE Iz s v, £, 1 OB T
5 25RO R D3y i R D ik & RIS
x(t) = exp(tA) x(0)
kDot HL exp FTHDOEHKETHOTHRO THARAR LD THS. —/7,11.31 T

L 7ERIC
1 10 21
-1 0 1], J = [ 2 ]
01 2 3

A=PJjpP!

pP=

)]

EHITE. COLEEAEHIT exp(tA) = Plexp(tJ)P THH I LD 5. Lo b Jordan HEHE
e J IO TUL exp(t]) DIRITERNBEZITHNY | A& IC
2t te?t

€2t

(&

x(t) = Pexp(tJ)P ' x(0) = P P 1x(0)

63t

% BB REIMR SN D DTH 5. BB TR O—MGwmD & i1, PIHIE = (0) 2k
—BINTHLZEDHONTH D) 6, 20D (11.5.1) O—RfETH 5.

ER11.5.2 —fRICEANSNIFEIETTI A Z21ESATH P 2 BAHT T, (&2 VIR TF
SR, HEIESTTH1% unitary 751 P 2 BAHTT) P7AP 2% Jordan HEIRICTE 52, &
VESBEHANEL SR THS ). LL, SIS ATETH 5. TR EDRAEHEL 2%
NDE)FL VDY ZRIFEELMETSH 5. BIKZ RO 7Hi# E, fl~E

D.E. Littlewood : “On unitary equivalence”, J. London Math. Soc. 28 (1953) 314-322

% EZ2WRD 5T,

DIIE, ZBHIEE . TSRO L eEE T
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FE 128 Hermite ZEfE

ZDFTIX, C ED vector % WS, 2Dz, ¥, Hermite W Y & MEIEN 2 51
#£95. CONMEICED R J:"CV\]%%F@’E%%?L%@ & ARk OO AR IC 72 B

12.1 Hermite A&

EE12.1.1 EHFELIEL C LD vector 22[H V' D vectors u, v [T L, HEL (u,v) Z2Xf
JIGEEZEE (, ): VXV = C BRD 420052 TXRTiLTEE, ZOGHRE V
® Hermite N EWMER. LT TIE u, v, v/, v 13 V DIEED vectors 23T .

Hl (u+ v/ v) = (u,v)+ (v, v),

H2 (cu,v)=c(u,v),

H3 (v,u) = (u,v) (Z
H4 uw#07%5F (u,u)

T EEMREWS L ERT),
>

[ 12.1.2 C LD vector 221D Hermite N (1, ) IV T T Z2ARE. FED u, v, o/,
v eV, fEED ce CITHRL

H5 (u,v+v') = (u, ) (u,v’),

H6 (u,cv) =7¢(u, ) I3 c DEFEIREHT),

H7 (u,0)=(0,v)

EF: 12.1.3 ( Hermite 22[#] ) Hermite WEDIEZE I 17z C LD vector Z2[H %
Hermite Z2[H] EFR9 5. AR, FHCHI & 2 WIR D | Z DfEE TS Hermite 22[H] D Hermite
WEEIE (, ) TERTZLICT 5.

aq b1

$l12.1.4 C" LOERED vectors a = [ : ], b= [ c [ ICXLT
an, by,

(12.1.5) (a,b) ="'ab = aiby + -+ ayb,

EEFRT D E, 24U Hermite WEEIZZ2 D, C* 13 Hermite 241242 %. ZONEZEZ C* D
BE#E Hermite WHE E T 5.

B12.1.6 12.1.4 DZEHITE T (12.1.5) %z
(a,b) = aiby + 2asby + - - - + nayb,
I ZHAANTH, C 13 Hermite 221272 5.

U Charles Hermite (1822-1901) France 4 £ 41.
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fd 12.1.7 Hermite 22[f] V ICEWT, v, v/ € V IOV T (u,v) = (u,v) PMEED ueV
WK LTHDIDEZ v=2 THS I LERE.

E$E 12.1.8 ( Norm ) Hermite 22 V & uw e V IZXL

[ull = v/(w, w)

EBE, IN%Z uDnorm HEH0IFEZ EMES.

fRE 12.1.9 Hermite ZEf{ V @ norm 1IZ2\WT, XD 3 2K H 2. HL, u, v € V,
ceClMEREET S .

(1) Mleull = lef [|ul],
(2) |(u,v)| < ||u| ||v|| (Cauchy-Schwartz DAZER),
(3) llu+ ol < [lull + ol (ZFAAE).

GERA (1) & (3) 1F 8.1.6 EMERICRIILS.
2) 7T, u=07%561F EL\V. u#£0 75 fliHAiET
| = v)u+ o | = ) (lullo]* - |(u,v)])
oD%, EAPIEFIE 0 THD ||ul| #0 TH 206, TEOAFEXE2E 2. O
DIF V I: Hermite W& (1, ) 2355607 Hermite 22l & §5. $H5A5A V X C Lk

D vector ZZ[E] & L, R _E®D vector ZZft] & L TOWIEIZE LR\, F72 C* IZOWTIE, 2D
Hermite W5 & L CTHE#E Hermite NS D A% 5.

EF12.1.10 (1) w,v eV IZOWVT (u,v)=0THBI E%
ulw

citl,u L v IFERXR TS EWVS,
(2) Wy & Wy 2z V OFT2EMES X L, EED w, € W, EERED wy € Wy IZBHL
T (w,wy) =0THB%RHIE, W, & Wy IFERXTS LW,

Wy LW,
&Rl
(3) W 23V OE2EH O & &, 10.4.3 EFERIC,

Wh={ueV |[fEEDveW IZ2VT (u,v) =0}

EEFEL, Ik W O BEGHEM EHT5. b5A5AW LWL TH5.
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WE12.1.11 wy, - u, €V (up #0, 1 <k <n) D32 DDDOHOMIERTIUL, T b
2 C L1 XM TH 5.

;ERA W E
a1u1+---anun:0
Thsr ek ZoMAdLt u; & DNREZILL
cjllugll* =0

BELD, u; £0 XD w2 2002, ¢; =0 £ 2. O

EE12.1.12 (1) V 0K {uy, -, u, } &°
(wi,uy) =0y (1<4, j<n)
2 EE, INoIF IERERIE TH S Enidns.

(2) Hermite Z2[E] C" DA vectors 226 7% 55 {ey, -+, e,} 1FFEHE Hermite NHEIC
BIL CIEHRERETH 2. 2z Cr O EHEHL L v,

NTEZZBDSED 8.2.3 EFERICL T, XD I LD L.

AR 12.1.13 (Gram-Schmidt ®ERAL) n XIG Hermite 22 V & 1 fHOEZ {v, -+, v, }
9%, ZOLEV OEMBERE {uy, -, u,} T,EED1<r<niZonT
<U1, Ty ur>(C = <Ula Ty vr>(C

L7 b DPHET 5. FICHRRIL Hermite 22N IERIESIHE 2 5.

SEER GERHIGNEZRROGE L& ARTH 203, DLTICET. £
Uy = m (21
EECE wl|=1Th3. kOoTr=1 K20 TEERFELVL. KIS (n>2 DL X)

/
’02:’02—('02,’&1)11117 ’u’2:||/||’02

é:j%( é: (Ul,’l,lQ):O, H’LLQH =1 VC%P),

<U1,U2><c = <U1,U2><c = <’Ul,vz><c

THAHDT,r=2THIELWV. —fRIC uy, - u, (1<r<n)dKREOLEE

r

!/ /
Vi = Ve — Y (V1 W) Ui, Uy = | V'l

1
|'Ulr+1||
=1
EBC W) =0, (1S <7) B2S, (upp,u) =0 THD,
<u1; e, Uy, uT+1>(C = <'u/1, R 7 75 vr+1>c = <'Ul7 e 7v’f'7v7'+1>(c

W2 . DIRODONT. ZOMRITL TERDBIELVLHE DD 5. O
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Y M E 121

PINoRMEIZEWT 12.1.19 DA TIE C* I2E81F % Hermite WHEIZ, 12.1.4 T~ 7 e
Hermite Vﬂfﬁc‘:@—%.

12.1.14 XD vectors D norm %KD k.

3—1
2—31 2 . 3
(1) [1_%}66 2) [1—27: eC
32
12.1.15 XD vectors DIHDONE % KD k.
5 _ 3 14 3—1 2—1
— a1 ’L 2 . oz 3
(1) [1_%},[ o }ecc 2) 1—2?], 1—i|eC
37 1412
2+1 —4 — by
12.1.16 XD vectors IZ[ERXTH I EZnE : u= 3+1 = 1+2¢ | € C3.
1—-22 2 — 312
12.1.17 C2IcHB VT, — M, uw — [“"”1} v = [yl} IR L
) Y2
(u,v) = 2141 + 2 22y2
EEDIUL, Z3E C? D Hermite NfEZ 5% Z & ZRE.
12.1.18 XD vectors 25 C> DIEHERIETH 5 Z & ZHERE
14+ 6i 14— 4d [ 18+ 4d
= — | —2-20i |, u2:—[—15—|—11i ugz—[ 354
2
Pl o y12i Bl 5 L1947

12.1.19 C IZfRBZFD n XUT D x LA Clz] 2 C LD vector ZEH & g L &,

(f.9) = /f s@ds (f, g€Clal)
X, ZOZEMIZE T Hermite HEZ G525 Z L 2R+,
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12.2 EXRHZEM
W4y 22 & 2 O EMIZER ORISR D FHDK D V.

RE12.2.1 V OF2E W, Wy, Wy 1220 T, RD (1), (2), (3), (4) 2D 32,
)
)
)
)

1

( mWL_{o} V=WaeWw
(2

(

(

w

dim(W) + dim(W+) = dim(V).
3) WhHt=w.
4) Wy C Wy < Wt > Wyt

SRR (1) £, ue WNWE %53 RICKD, (u,u) =0, L |ul>=0 £2Tu=0.
RIZ dim(W) =r &L, W OIEBESRHE {u), -, u,} 2% veV IZXHLT

w=)Y (vu)u; w=v—w
i=1
EBC. weW THY HFEED u; (1<j<r)ITRHLT

T

(W', u) = (v —w,uy) = (V= (v,u;) u;, u;)

. i=1
= (’U,Uj) - Z(v7ui) (uivuj) = (U>uj) - (’U,Uj) =0

=1
LR weWE THY, V=W+W2bhrork it WnWwt={0}»s, TE
IR g
(2) 1% 10.1.5 Zfi~iE (1) KD HLTH 3.
B) EELD W WHtTH3. (2) 2 W & WHITHEMHTUL

dim(W) + dim(W+) = dim(V), dim(W+) + dim((W*)*+) = dim(V)

213508, 20 2 & D dim(W) =dim(WH)L) w2, W = (W)L THRIFIUER S v,
(4) (=) ue Wyt ol fEED ve W, IK2WT (u,v) =0. 2T, LD ve W, &2
WT (u,v) =0. X2 T ueW’ («)iF(3) ZlENFL W, O

EFE12.2.2 W ZV OWTEMEL L. WE, FoveVIZHL weW, w e Wt 3
v=w+w

ICEOT—EMICEE S (1221(1) 12X 32). ZOELEE, v—w XD EFZV 6 W

NOERIIFEEBRTHOT, V 26 W ~OHEF (105 fio HH) o—FfiThHhs. I

% pry, TET. 12.2.1(1) OB E AL

pryy(v) =w = E (v, u;)

tHET S,

P12.2.3 L CERL BT pry BBHEGETH S T LR R,

BIE12.24 V=C W = {c[ 1}

ceC}kT% Vine W AOMETERD L,

168



§12.3 2019 ¢ 9 A 17 HAR 169

12.3 BEHZER, BEH1TI
FIEHEE, V X Hermite 22 & T 2. ROBRIIBEFADESL L ZAICHIEN, HETH 5.

EFE12.3.1 V OBEEE T ICHL T, TRXRTD u, v eV IZO0T
(T'(u),v) = (u,T"(v))
B TERT -V —V % T O FEHEEH L.

fM12.3.2 (1) #UEEHR T OBEfEZ T IIBIEEHACTH 5 2 L Z2RE.
(2) TITXHLT T IF—EIHET 5 2 L 2RH,

f12.3.3 HEBERS LT 25 AlcowT, "A="A TH3 I LiERE

EF12.3.4 EHTH AICHLT A ="A % A TS LIPS, | A% = [A] KR,

B12.3.5 A, B € Mat(n,C) IZ2WT, BLF ORI K.
(1) (AB)* = B*A* %R+
(2) A DSIEHITANA 513 A* HIEHIT, (A1 = (A7) L% 5 2 L 2R

BEREZS AR & BEFEA TSI DBIFRIZK DIE D .

ME12.3.6 V OILHEREZ 1 HED, T 2V OMIWEE TS, ZoHIZET 3
AW T OFBITH %2 A L¥ X, 2oL E, ZOHICHET 2 T ORBTHIZ A* Th 3.
F7z, TOHICBIL T A* 2 RIUTII & T DHIEEHDS T 127z & 700, FRIC (Ty)* = Ty-
Thb.

SEEE dim(V)=n £ 95, 1 fHED SN V OIEBEREE {u), - ,u,} €T 5. 2O

(T(uz),uj) = ( Zaki Uj, ’U,j> = Qji, (fu,“T* ’u,] = <’u,27 Zbk] ’ll,k) :E
k

WAIZ, TRTD i, j IOV T ay=0b; TH2. DFH B* = A

M 12.3.7 T BV OMEERTH L L E (T*) =T TH 5.

SEBE V O ERERHEEIOT, 2AUCT 2 EBUTAI% A L3HUL, (A') = A TH D5,

FRIF 1236 ICX DIEL W, O
MmEE12.38 T} £ T, BV OMIEEMTH L & (L) =T"'Ti" TH 5.
SEEA 12.3.5 (1) & 12.3.6 HEL IO S O

EHEMBEE 123
12.3.9 A € Mat(n,m,C) IZ2OWT T =Ty TH5 I LZRY.
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12.4 Hermite Z#, Unitary T, IFRZTH

EE12.4.1 (1) V OBIBPEER T 23T =T %ii7- 3 £ &, T 1% Hermite 24 & WX,
T = —T %iii7-9 & &, & Hermite £ L IEIXN 5.

(2) F7, IETITH A 28 A* = A Z2iili7- 9 £ &, A 13 Hermite 1751 EWFIEN, A* = —A
729 & F, A ¥ B Hermite {751 EMEIENS.

EE 12.4.2 1236(1) Ik D, BIEEHL T 2% Hermite ZH4ThH % Z & & LR DIEHE LI
ICBY9 2 T OFRBTHID Hermite 1751CdH 25 2 L IZFETH 5.

f12.4.3 A %% Hermite {751 T%FE Hermite {771 THH 2561 A=0 TH5Z Lz2mnt.

FM12.4.4 FEABL T ISR L CT*T 8 X TT* 13 Hermite 24 TH 5 Z L 2w, /2, 1E
HATH AR LT A*A BELXO AA* 1Z Hermite {1791 TH 5 Z &£ ZnH.

B 12.4.5 T %% Hermite Z#ATH % & &, LEDOHAE n 12X L T" b Hermite B TH %
ZERRE. 512 T WIEAIZ Hermite 24 TH 2 & Z, EED n € Z XL T" |E Hermite
BHTH 5 Z & w2t

f12.4.6 A 7% Hermite {75 TH % & = 'A & Hermite 771 ThH 3 Z & 2t

EIE 12.4.7 Hermite 221, Hermite T/ DEEEIZ T R TEEKTH 5.

SEER V O Hermite 28 T SEAE AN e C 2F2 L Z, 04 u eV BIFEL T
T(u) = \u
B ZDEE
(T(u),u) = \u,u) = A (u,u) = Nu|*.
—J7, T ¥ Hermite 4725
(T(u),u) = (u,T(u)) = (u, \u) = A (u,u) = Aul*
HEDT Nl =Nu|? TH2H, uA0 WA A=XTIeR.
Hermite f741ZBI L CTIZR (RD 12.4.8) £ T 5. O
f12.4.8 Hermite {77 DEGMEIZ TR THEYETH S Z &L 2t

f12.4.9 7E Hermite fTHIOEGEMEIZ T X THIEERTH 5 Z & 2R,

EF 12.4.10 TR TOMEGEDIETH 3 Hermite {7517% 1EEME Hermite {751 & V3.

EFE12.4.11 V OFIEERL T 7% Hermite NEDEZZE~NZ W E E L, TED u,v eV
2oV
(T(w),T(v)) = (u,v)

DD 7D & E, T 1F unitary 24t & WEIEN 3.
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ER12.4.12 T 23V O unitary Z#ATH 7D,V O 1 DO (IEHELZHE TR TDH
J:\/)) {uh... 7un} ;OI()T
(T(wi), T(wy)) = (wi, uy)
WD EDZ L EDREATTH S.

fiRE 12.4.13 T % Hermite 22 V OfRIEEHA L T 2. KD 3 DIEHETH 5.
(1) T ix unltary EHTH 5.

(2) T°T = Iv.

3) TT" = Iy.

AR (1) = (2). fEED uw, v € V IK2WT, (u,v) = (T(w),T(v)) = (u,T*T(v)) W2,

T*T(v) TH2. 2FD (2) B,

(2) = (1) 1F L& 2 I iliug v,

2) & (3). V OHEZIDT, ZHUBHT 2 T ORBUTIIZ A LT, RED»S A*A = I
3521&D, A=A ThHhH AA =1 DR VD. TNE TT* =Ty 2EBKRT 5.

(3) & (2) ¥ Loz wiciliig X . O

EFE12.4.14 LT U B UU =1, 2% 'UU =1 %tz & &, U I unitary 751
THoLEEIEINS.

R 12.4.15 Unitary f7713HE0HE 1 OEER ¥ (0 € R) DB TH S LE~HND.
12.4.16 U 7% unitary {791 CH 2% £ Z ‘U b unitary {771 TH % 2 & 2+,
M 12.4.17 Unitary Tl ORI 1 TH S 2 L 2RE.

BlIRE 12.4.18 V DIEMEREZFEETS. T 25V D unitary £ TH 5 72D 121E, ZDHEIC
B9 2 £BUTHIDS unitary 751 TH 5 2 EBREATH 5 2 L 2T,

fEBA dim(V) =n & LT, GASNIERIERER {u), -+ ,u,} &L, T OBz A=
a; -+ a,) L¥X. ZDLZ

(T(uZ (Za;ﬂuk, Z%ﬂ%) = alaj

T %% unitary Z#CTH2 2 L1d (T(u,), T(uj)) = (uj,u;) =6 THHI LIRS T, 2
gue

taia_jz%,
Wit PAA=T ThDZ L EMETH 2. HEDT A lF unitary 751 TH 5. O
HRE 12.4.19 n RIEFTH U =[a; --- a,] IZDWT, RD 3 &FEFETH 5.

(1) U (% unitary 1741,
(2) Ty ¥ C* OFEHE Hermite WAIZES L T unitary Z#1TH 5.
(3) {ay, -+, a,} 1 C* OFHE Hermite WHEIZBY L TIEHIERLETH 5.
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BEER (1) & (2) 13 12418 226 EBICHLRS. £7- (1) ZIRETNI UU =1 THH), C
i, TRTD 1 <4, j <n k20T tasa; = 6, 1B taa; = 6; THHI L LFAMETHD,
I (a5, a,) = 6; ZERT 205, (3) BRI NG, ZO®EBIALELL2S 3) = (1) b
NN, u

EI12.4.20 T %2 V OFJEEHE R L. T 23V @ unitary 2 TH 2 720121, (TED
weVIZNL, |T(w)| = |ul| TH2 I EBBEFITHS.

REEA (WAEEE) CHRBERI VWS, (1) w,veV IZDOWT
lu+* = [Jul? + (u,v) + (u,v) + [[u]?,
IT(w+v)|* = [(Tw)||* + (T(w), T(v)) + (T(w), T(v)) + | T'(w)||*

THHILE TIZOVTOREDS

(w,v) + (u,v) = (T(u),T(v)) + (T(u), T(v))
TbhH 5. CCHETIT % real, BEIN D Z imag TEREIE, LD L2256  real(u,v) =
real(T'(u ),T( ). =77 u DRD I du 2 & 5 L real(—i(u,v)) = real(—i(T(u), T(v))), 2% D
imag(u,v) = imag(T(u), T(v)) DR SN, fifF, fFEED u, v IT2WT

(u,v) = (T(u),T(v))

£ 506 T 1F unitary Z2H#TH 5. O

EE12.4.21 ROEREELDH 2 EEZEANUIDOLD D B AR

BEBZBRTIFROITH «— HER
BEFEATHI  «— T
Hermite {751 +— S
1EZEfE Hermite 174 «+— 1ED%
£ Hermite 175 «+— #iEEK
Unitary 174 «— #fixHid 1 OEELL

HEMBEE 124
12.4.22 —f#IZ 2 D Hermite {771 DH1, #&lx Hermite {15127 22>, B Z D TEN K.

12.4.23 EEDIES1T5] A 1% Hermite 1751 H %7 Hermite {7511 S Of1A=H+ S £ LT
—EBICEINS Z L2RYE.

12.4.24 1151 A € Mat(n,C) Z{ERICEDVEET S, ZDLE 2 DDEH
A ={X € Mat(n,C)| X*A+ AX =0, px(-1)#£01},
U ={T € Mat(n,C)| T*AT = A, or(—1)#0}

23 Cayley BHA T = (I - X)(I+X) M2k 1 1Icnd23 2 L 2iEHE X, E<icA=1
& 9 4US unitary 79D H 2 HE 4 L E Hermite 151D H 5 EE L DGR LNS.
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12.5 IERTR

EE12.5.1 (1) V ORIEE T 13, T LA Ch % L & ERER TH L L widinsg.
(2) IESTFTH A 1%, A* L[#aTdh 5 & Z IEBTHI TH 5 L it b,

@WRE12.5.2 (1) T %2V OMIAHL ¢ X. T BIEBEHRTH 27 DI12id T ORBUTH
DIEBATIICTH 2 2 L T+ TH S,

(2) A Z n XIESGTAI LR K. C" DOFEHE Hermite WRIZ DT Ty DSIEMIZHATH % 7-
DITIE A DBIERUTIICTH 5 2 EBMET T TH 5.

SEER (1) V DFE {uy, -+, u, ) KL TO T oXBYTHZ A LT, T OEBTHIZ
A IS BD5.
(2) Ta OEEHEFLICEET 2 RETAIZ A XM & 205 (1) I8 XD TERDHES. O

f12.5.3 ROFRZGEHE L.

(1) IERATHD scalar f5I1ZIERIATIITH 5.

(2) Hermite 1751, & Hermite fT71IIEHIATIITH 5.

(3) Unitary fTIZIEHATIITH 5. (Hint : 12.4.13 ZFIHE & )

1254 dim(V)=n &95. Ty & T, ZHOICH[HzZ V ORPELEHL ¢ L. V O
Sy2eR] Wy, Wy, -, W, T

(1) ThV(Wy) =To(Wy) =Wy (0<k <n),

(2) Wo={0}cWrC---CcW,.1CW,=V,

(3) dim(Wy) =k (0<Ek<n)

ZETMTODVHEET 5.

SEEA n 1B A 0ENECREHT 2. n=1 D L 2L TDH 5.
2RV ORI n—1 FTOHAEFIELWVE L, dim((V) =n OEAEZAHTZ. TV £ T, D
BeEfEZSH T & Ty iTi‘ﬁ%T%%. FEE,
TV = (TN = (TVTh)" = Th' T
PEDT10.3.112 kD, Ty & Ty ICHGEDEE vector BEHEET L. ZD 1 O% uw L L, TV'u =
Mu, T'u=Xdu £T5. ZZTW,;={u}t B, 122.1(2) KX D dim(W,_1) =n—1
THY, T DT d W,y OERMZEANS, EE veW, %513
(u, T;(v)) = (T}, v) = (N, v) = Ni(u,v) =0
L0 Ti(v) e Woy THD. W,y IR L TRAEDRE % H diud
(1) Ti(Wy) = To(Wy) = W (0<k <n—1),
2){0}=WocW, C---CW,_oC Wy,
(3) dim(Wy) =k (0<k<n-—1)
i 72 AT 2R Wo, W, -, W,_o DM 505, 20T, FRIFFAHI L. O

173



174 2019 4¢ 9 H 17 HAl §12.5

T 12.5.5 T3 & T, ZHOICH#Z: V OfEEL L ¥ k. T, & Ty, ORBLTHIDFEIR
W BT E e AT V DIERIERIEDTFAET 5.

SFER 1254 w52 M b 5. 12.5.4 & Gram-Schmidt D IFHERAL 12.1.13 12Xk D, V DIE
%ﬁlﬁﬁd%{ul,~- un}%ukEWk 75)/) ’uk¢Wk17’;¢%7}% @ i p@ﬁ ng‘% T1 E‘_
T, DFIUTINE E=AIF5IC % 5. O

EE12.5.6 V OFYELH T ICBL T, XD 3 FKMFRZFAETH 5.
(1) T IZIERZHTSH 5.

(2) T OEBUTHIDHAITINC 7% 28R IERLE AR T 5.
(3) T DEA vectors 76 7% % IERLESCEDFET 5.

SRR ()=(2). T PIEBE#aZ20T T L T A 22T, 2N5I 1255 2T 5 L
V OIEHERIEDFEE L T T OERBTH A & T OERBFTH] A< 13 b E=AfTIIcR 5.
IoLE A ="AThrH5 AV EEMIESIEA B TEATINICES. XOT A Y
A B RAFTIITR UL R S o,
(2)=(3) ITH5.
(3)=(1). IEBEAEE {uy, -, u,} WCOWT T(w) =Nu; (1<i<n) ¥k ZDLE
(12.5.7) T (w) = Ay (1<i<n)
El . EEE EED 6, j I2DO0»T

(wi, T () = (T(w), u5) = Ni(wi, uy) = \idyy = Ajdiy = (ui, Ajuy)
THHIo, TED ueV IZonT

(u, T*(uy)) = (u, \ju,)

ED 1217 kD, T (u;) = \u; THRIFIUTARS BV, 2oL &
A1
T*T(ul,--~,un):T*<(u1,-~~,un) >
An
=T"(M\uy, Anttn) = (MT*(w1), -+, AT (uy))

[ [\
:(ul7...,un) .
An®

TT* DEWBFE CHERZEGALDS T & T 3P TH Y, T 13 IERITHITH 5. O
191 A S8 ¥ BRI Ty 2B L T 12.5.6 ZEH 1L, RO I 5.
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EH 12.5.8 ( Toeplitz DERL ) A Z IE1TH1E$ 5. XD 3 FFEFEETH 5.
(1) A RXERTIITH 3.

(2) Unitary {751 U 232(EL T U TAU 23047501272 5.

(3) A DY &EA vectors (Fl vectors) 2% & unitary {75127 5.

112.5.9 12.5.8 D (2) = (3) %z, MIPAMLZFEH L 2\ CIHEEZICEEE X.

Mg 12.5.10 T %2 V OIEHAH L L, 2 DlEGEMHO2EEZ (N, -, N} £T5. 2D
ERP/ /N A RVASS
(1) FEHEZER W\, T) EHMIERT %,
(2) W\, T) LotESsEstaz I LEHL. 2oL & BRI
V=WAT)® - @W(\,T)
BESNDH, THIIEL T,
T=ML& - ®\I,
b, I T D spectrum TfF EFR9 5.

SEEA (1) AT OfRIC 83.10 EMUFIETIHEHTE 2. N L pn 2 T DR 2EAfELE L, fEE
WCueWWT),veWpT) ZHaUL,

(Au,v) = (T(u),v) = (u,T*(v)) = (u,v) = p(u,v)
DT (u,v) =0 THLTUEE S 720,
(2) 12.5.6 (& D T 3@ 2B L TxAfTslcRkiznsg. —J5 11210 Ik b, e f
ADZEGEBEMTH 2006, ZORIUTINIEFITITH L. 2D 20D Lo, ZDE
DRBUTINIBETINTH 2. XOT T IZOWTHHEOGREIE NS, O

EEME 125
1 10+7 —4+20 —12
12.5.11 fTlA==-| —10 5 —244i | IZOWTBLTORMICENX.
5 . . }
81 —102 10—
(1) A 7% Hermite T4 TIZ W ASIERIATAITH 5 2 & Z2HfED 0 K.
(2) A% | Hermite {751 TH % Z & 2D X.
(3) Unitary 1741 P #3RK®T P1AP = B 2 Af7sl L ¥ k.

12.5.12 A, B € Mat(n,C) IZDWT A, A*, B, B* DED 2 Db RMURETH % 720121,
unitary 791 U 28> T, U AU & U'BU 23 & bITwAmiTiNicie s 2 E DB E+3TH 5.
INzitHY X.

12.5.13 XD 2 DIF[AfETH 5 Z £ Z/”"¥. (Hint : 12.5.8 (Toeplitz DEH) DIFHIDE TS, )
(1) 2s DT Ay, AF, -, Ay, A DED 2 DL RITHETH 5.

(BRI Ay, -, Ay BIEBESITH 2 )
(2) Unitary 1741 P 25(#fELC P'A\P, ---, PP AP 3T RTHAITHI L 72 % 2,

2)8.3.13 LFFIMkIZ, ZDIRIME Ay, -, Ay 1Z unitary 75T FRNAL SN d &0,
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12.6 1EZE{E Hermite 1751

EEK 12.6.1 Hermite 1 T:V — V OEAEATXTIED & F ) T 1 IEEfH Hermite
22 LRI S . 2k, R

VxV-=>C, (u,v)— (T(u),v)
2% Hermite WHEIZ 2 2 Sl S v, 72, T OEAEESI TR TIHFEATH S EE, T
13 PIEEfE Hermite 2541 & MEIXIL 5.

EE 12.6.2 Hermite 1751 A DEAMELSTRXTIED L &, A 1% IEEME Hermite {771 & W
Nz, Zhid, 58

C"xC"—C, (u,v)r— "udv

7% Hermite WHEIC72 5 2 & icfiZe o2\, 72, A OEGHEITXRCIFRATHEL EE, A
1 PIEENE Hermite 1741 & FEIENL 5.

iR 12.6.3 V @ Hermite 2548 T 12D\ T, RKAYK Y 37,
(1) T DMEEfME Hermite Z#i <= FED u eV, u #0122V T (T(u),v) > 0.
(2) T HIEEME Hermite 2248 <= {EED uw € V IZDOWT (T(u),v) > 0.

SEBH (1) Hermite ZHUIIEHIZHATH D706, 1256 I2X D, V ITIE T DEE vectors 225
B IEHELEDIFET S, Z2N% uy, -, u, &L, ZNZTNDEGHEZ A, -, N\, £T 5.
FEICucV 2D u=aqu +- - +ayu, EFTIZL,

(T(u),u) = (e hwr + - + AU, a1ty + -+ + au,) = Mlag]? + -+ + Ay |a, [
Z2f3%. ZHUTED, TRTD N BIETHEI L, u#0 1220 T (T(u),u) >0 TH5Z
EDAETH 5.

(2) DFEEINZ (1) LFAETH 20 5E8T 5. O

R 12.6.4 T 28IEEfE (CPIEE(E) Hermite ZH#TH 272 0121E, T = S? il TIEE
il (CRIEREME) Hermite 2548 S DFET 5 2 L DSUE S TH D, $7IDLEE, S IF—
BINHET 5.

fEEA EIEEMEOS A S IEEMEOY G L RRICEEHTE 2226, IREEDSEDHRT .
(EME) T % spectrum 77 L <

T:)\lll@"'@)\rjra ()\7,>0)

t¥ k. 22T
S=vVMNL@-- oV
EBE, T=58%7T
(12.6.5) W, T)=W(H/A,8) (1<i<r)
ThHhsHrIEDEIrOLNS (ET S 12.6.6). £ DTS HIEEM Hermite Z#1TdH 5. XIC
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S DIFED—EMEZART. W, S b Hermite BT T = 87 Ziid v k. S OEZ 2
AEDOTRTE py, s EL, F1<i<sI2O0WT I %2 W(w,S") DIESEEHE 1T,
S

S =l & @ psl
L spectrum fREIND. TOLE, S?P =T THHI L0 s=r T, el FBE~L
2=, i =N ERDLIEDODPDL. ZDZEDPORBIZ S =S Bbrb.
(+atE) 2 s 2 TH 3. O

ff12.6.6 (12.6.5) ZiEHE k.

12.6.4 217D S ETIERTE L.

RE 12.6.7 1E/A1T41 A Y (°F) IEEfE Hermite f771TH % 729 121E, A 2% Hermite 1751
T A= B? %% (*F) IEEME Hermite 175 B RS % 2 DM EAITTH 5.

EK 12.6.8 (2F) IEEMH Hermite ZHa T 12X LT T = 8% L zMfi—d () IEEM
Hermite 22 S % T TET. Mk, (1) IEEME Hermite 175 A I L T A=B? &
7 ME— () IEEM Hermite 1751 B % VA T,

R 12.6.9 (e N, WA AMIEAIR H & H OIEAE o 1B L TRDED 2D -
W(a, H) = W(at, HY).

SRR B2 E O TEE, H ORBUTIIZ A L 3UXIERATA P & H OEEAEZ 6 8o 12 Ff
D175 B BMFEL T, A= PBP~! L3#HIJ3%. ZDLE A= (PBP Y (PBP!) = PB?P!
L5005, P DIEEDI vector 12 A DH BIEAE o IZBHT 2[H vector TH D, FIKFIC
A? OFEAM o IZBT 2[EH vector THH 5. BARICE T IERDOERICR 5. A DFEFEMHD

a1

TRCE, BEHOGADC oy, -, EHE B= EBWT, P=[p -, pn]

Qp
WCEDOTB=P AP %O Th3bDETEH. ZDLE A OEAEHEDO ML, EEHLIAD
T Oz12, Ty O[TLQ T@ O, P-1A?2pP = B? EDOThsb. 2% b Apl = &; D;, Azpz = 041'219@' <
b3, 200B W, A) C W(a2 A2) THBH, 778 L& L

n = Z dime W(ay, A) < Z dime W (i, A?) = n.

i=1 i=1

EOT W(ay, A) = W(a;2, A?). £ >2 ODEELHRICRINS. O
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E¥E12.6.10 (1) Hermite Z2[H V IZDWT, V 287 5 vector 22 & L TR &L ZDEE
DFMZEE T 1%, Hermite 221 & LCD V Db % IEEH Hermite 2288 H L & % unitary
ZHU ORELTT = HU O IC—EIICEDPNS. ZDOLE HU =UH TH57DIC
3T PIERZERTH 2 2 LBBEITTH S,

(2) fEEDIERAIfTH] A 1%, & % 1EEfH Hermite 1751 B & & % unitary {151 C O L LT
A= BC DBIC—BNICHEINSE., ZOLZE BO=CB TbHsH7DITiE A PIERSTIIT
HDHIEVPRELTITTHS.

SEEE (1) IKELD 01F T OEAETIER . £ T DIFEHITHS. kOTu4A0DLE,
T*(u) #0 THh,
(TT*(w),w) = (T"(w), T"(w) > 0 (u#0)

THD06, TT ZIEEMHETH 5. HIWEH TT* 13 Hermite a7z 0T, #5F 7T (Z1EEME
Hermite 228 TdH 5. WAIZ, 12.6.4 12 & D ME—FA(ET 2 1IEEMH Hermite 248 VTT* % H &
B HIZBDBEAALRETH S, Il U=H'T £ L

UU*=(H'TYH'T) =H "TT*H '=H 'H*H ' =1
THD, U S Unitary B TH S Z EBbDO%. ZNT, MUEDER T = HU M5 47,
RIS, TOBDERO—BEELZRI ). WE2@#NICT = HU, = HUy, ERINT-EH K.
ZDEZ

Hy = HiU\Uy,™', Hy= Hy* = (Uy )'U,*U* = UoU, "' Hy

THDHD06),
Hy? = (H1U1U271)(U2U171H1) = H,*

E7%%. H b Hy bIEEME Hermite Z#iTH 5 Z &5, N 12.6.4 2> T

H = VH?® =VH? = H.
INXD U =U, DS
RIS T ZIEHAWE T2, T*T = TT* 6 (HU)'HU = HU(HU)* Tbh %23, it
HU=UH? %ZE%3%. L»5I12,1269 &£ 103.31C&LD, 24U HU =UH LEfETH 5.
W, HU = UH %513 T DSIERE#IC: 5 2 Lix, 2oERZ SISl X,
(2) FMIRZH D ZBATHNZIERI TS, Hermite Z#ADEBITH13 Hermite 1741, unitary Z#aD
ZBHTF1Z unitary 1751 TH DT, BHDO AR OERBUTINIRBTI OB TH 2005, (1) £ D
(2) DIE 3. O

ER12.6.11 1 ZOuZEMEOGE, H FIEOEBSGTTH D, 2 UIEHEBFH D) iz iz L
THREGRTH D, U \ZHaHE 1 oEEBZz#IT 22 L, 2F ) EEPLOREZ LT, 13
DIFHIEIZ Z NS DAKTH 3005, 12.6.10 &, TOFHEDO—BLTH 3. HIOSHETE
NEALEDOERE 2 DS 2 =re? ERRINDZ EDOHLTH S.
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EEME 126

12.6.12 12.6.10 DFIRED T = HU % T = UH IZENTGEIS, ERIZAZT % 5.
(Hint : 12.4.6, 12.4.16, 3 X ¥ “(HU) = ‘U 'H.)

12.6.13 XDRJIZEN XK.

(1) U?=—1 &7%% 2 X unitary {741 U % 2 DZIF k. 216 DlEAHEZ KD K.

(2) U?=—1 &% % 3 X unitary {791 U % 3 2ZFIF k. Zh o DEHHEZ KD XK.

(3) IEAIZE Hermite 1751 S 1AL, SU 2YIEEME Hermite {75127 D) SU = US
U? = —1 &7 % uniraty 751 U D’ —BWWICHET 5 2 L 2RE.
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5 (trace) 118
1 Jofk 80
1 XRBAf%R 84
1 RféE 84
1 Kit&y 56
1 Xft)E 84
1 XAhSE 84
{71 vector 133
— KRBT 138
— MR 102
ideal 142
L=tk 129
=175 14
Hermite 1751 170
Hermite ZE[#] 164
Hermite N 164
Hermite 241 170
L 1
KREZ 51
H

fiF 22 93
P 64
B (F751D) (rank) 88
M (BMIE 54 D) 97
A 53
T 13
EIBUGiD] 58
% (Ker) 96
PERIREATH 55
EINEY (S 71
ok 1
fEiRIt 64, 71
okl 62, 71
(LK) 91
FFiE 23
FEARATHI 75
FAR vector 91
HEARZETE 59
buind| 44
Wt 80
PUKEA( 101
T E 22
¥ vector 81
fT vector 8
TR 2
[ 20 3
=L 3
REECHLL 1
BB 2
e 50
o E 53
B E A 23
Gram-Schmidt DEAAL 125, 166
Kroneker @ & 9
HE 22
FREATHI 54
RBATH (2 KIERD) 134
BEATI (2 XAD) 135, 137
Cayley-Hamilton O3 119
Cayley %4 127
J5RL 133
ZRATF 10

BRIy 40

i S E 22
Cauchy-Schwartz D ARER 122
HA 22
A 2EM WA, T) 109
A %20 (fFFlo) WA, A) 109
5% HA (MIELHD) 111
EHZER (FTH1D) @a(t) 109
& fE (1751D) 109
[EAME (MIEERD) 109
EH vector (f171D) 109
G4 vector (FUBZHLD) 109
=)

7 11
NI (FT51D) pa(t) 142
RN (BIGLIHD) pr(t) 143
R 1 RARTH 86
il 17
JHEAEE 133
ZALEX 122
Kot dimg 91
4 Jusk 124
RIGEH 97
H L HEm 150
FA751 6
iy 3
FIES1151 6
FNFRATF 128
eS| 2
IR R 133
HEH7Z 1 RBIf%R 84
F B 722 it 69
ST 148
ST 148
TR 133
B 62
K [m]E 22
HEH A 2] 151
JEF (EH D) 32
Tk 1
Jordan 1771 155
Jordan #iiE 155
Jordan fE¥ENZ 157
TEH 122
batEATSI A* 169
RfiflZsin T 169
# vector 8
B vector ZE[] 81
scalar 174 7
scalar fi% 81
scalar f% (#HEHD) 99
spectrum 77 fi# 175
1EHL 40
EXATFI 173
IERLE AL 125
IEBIEZE S (Hermite 22[H D) 166
IERIZS 173
EREND 91
1B 44
1E5EfE Hermite 1751 170, 176
1FEf#E Hermite 2 176
2% 6, 51
EF5 1751 6,7
% (EHa0) 21
(o) ifexes 13
By SR (E 3
CIAEAE 95
T A 106

% (Im) 96
AR 113
Iz

& 80
pspzikla 113
XA LTl RE 113
pSpEERRl 7
o £ Ry 7
KT 10
pSpiiyice 22
REEDFA E I 5
ARB R 133
ARB T 133
FRALIiEE Hh 133
il IT] 138
HONCH (i) 23
% ERIE 40
BAAATHI 7
Hifroa 80
HATH ideal )5 142
[ 22
HEE (fT71TD) 151
HEE (MUEZETo) 151
R 17
[ER NG AR T2)) 139
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