1

E=8F ARZIE
§1 KX\ Z[E]
§2 1E3Z4b
§3 IERXFEMESIENRFM
§4 IEMEFSIEMNER

§5 1EAFEPERVFRIER
§5.1 XTEMEFHATSF=TE TR
5138 5.1 % A = (a;;) € R™", B = (b;;) € R™™. N
(i) tr(AB) = > 210, > 00 aijbyis
(ii) tr(AB) = tr(BA);

(iii) tr(A'A) =0 = A = Oy

ERR. (1) W C = (ckt)mxm = AB. W ¢y = ABO =3 ;b i=1,2,...

( —tI‘ ZCHZ azy YRR
(ii) BT () s, JA1A

= Xn: Zm: bjﬂ-ai’j =tr(BA

j=1 i=1

(iii) B¢ A" = (af,) e R™™. M af; = a;5,1=1,2,...,m, j=1,2,...,n.

n m
2
=Y =3
7j=1 =1 7j=1 =1

BN a; ; ZSE FbL tr(ATA) =0 = A = Oy O

R 5.2 LR ]I P AG AT AN L5 AL ROR AT R

.m. T

&



SI3E 5.3 &k n MEFT %

B C
A= . R+ BeM(R).
Om—-ryxk D

dm R A i%)rl]_,, n C = ka(n—k:)'

IERR. A ATA = AAY, L

(e 2 5)-65)( »)

TJ&, B'B = BB' + CC'. A3, tr(B'B) = tr(BB') + tr(CCY).
K4 tr(B'B) = tr(BB') (513 5.1 (i), FrbL tr(CC*) = 0. W52 5.1 (iii) #J %A,
C = Okx(n—k). O

53 54 %X AcL(V) REAFET, WCV & A-F =0, 0
(i) Wt & A-F=hH;
(ii) Ay ZERIEF.

HERR. (1) W n=dim(V) H ey, ...,ep 22 W B—HPAIEAT R, RIEHE =55 e
2.2 (ii), V=W oWt F& dm(W) =n—k & epyr,. .., 6, & W H—HPLIER
B N e, en s 6 &V I HBALIERR L. PO W AR, BT A 1E
€1y e ey €y €hrly -y €n D IIEEPEZET

. (B C>7
O D
B € Mu(R). B €1, e s s 60 REIARIIERCHEE A REMBLT, FTLL A

H
(R =3 il 4.4). MIEHIE 5.3, C = Ogxinor). T2,

(A(Ek+1), .. ,A(En)) == (Ek+1, ey Gn)D

Am (B 0) |
O D
RN AAY = A'A, Fibl BB' = B'B. IS H B ZIEMERE. 1 B & Ay EHRALIER
Kooy, ... e FHIFEME. AR =220 —HFa i 4.4, Ay IEHL O

oW R AR
(i) 1 (i) WITEBA AT %0,



SIEE 5.5 X Aec L(V). W AR —HHR L4 ATREFT =M.

MERR. A R[] AR AN AT 29 2 T IR AN KT 2 (G — 5 058 T 58 = JHEE
H1.2), AL pa = pg, HA pg € Rt], 0 < deg(p) < 2, p 7£ R[t] FAATL. N
deg(q) < deg(pa), FTLA q(A) #£ O. T3&, fF1E v € V flif3 w = ¢(A)(v) # 0. &
W =F[A-w. Il dim(W) > 0. KK

p(A)(w) = p(A)g(A)(v) = pa(v) =0,
FITLA deg(piaw) < 2. AT dim(W) < 2 (5 — &SPk 10.2 (iii)). O
AR 5.6 LRI ATV AR EARBEEMEZINRT (LA EAEH 6/ T2 7).
EE 5.7 % Ac L(V) EA, n =dim(V).
V=U&  BU,®Up1 ® B Up,,
A
(i) Uy,...,Us ==t AT 5T 20;
(ii) Ussi, ... Uy B—% A-TRTHF =0,
(iii) Uy, ..., Us Usgir, ..., U, BFIFER.

MERR. X dim(V) AN, 2 dim(V) =1 B, & s =0, U; =V BIA[. %X 1 < dim(V) < n
e BRSO, H151 3 5.5, fA7E A-T200 U 17 0 < dim(U) < 2. 4R dim(U) = 1, N
U-s& AR50, R dim(U) = 2 {H U & AT, W U o —4E A AR5 0]
T, AR U 2 V PSR 2 1 A-ANAT 377 .

RIEBIFE 5.4, V =U o UL A Ay & U- ERIEME 7. BIEAMES, U 2%
PIIESZHAERA KT 2 1 Ay - A TR XF KN U 5 UL R 12 A #R IE
A2, Bl BT, O

§5.2 IEMIERERIFRAER

% dim(V) =1 BATEN A € L(V) &R IEME T XRZF N V R R H & v,
A(v) = dv, i\ ZREASEL

51T 5.8 & dim(V) =2, Ac L(V) EM, BV & A-RTHeg. N ALV @EEEs

ﬂixf& Fé‘]é‘\ﬁ%ia&
A= ( ) ,

#F o, BeR B B£0.



JERR. W e, ey &V HI—HBEAIIERFE, A & A TE e, e NHIFERE. M A IEHK. &%
A:Clﬂ.
c d
a ¢ a b _|a b a c
b d) \c a) \e¢ da)\v d)°

a’ + c? = a® + b? {

H A'A = AA' 1§

A=

ab+cd=ac+bd =
ab+ cd = ac+ bd

b2 + d? — 02 + d2
WA 1 b=c M x4 =1>— (a+d)t+ad —b*. HHHE (o —d)? +40* > 0. # A
SRR A B v A B AMEERE. W (v) £ AT TR, V= (v) o (v)L #
Y512 5.4,V & ARl 3, F)E.
B 2. b=—cHc#0 Wa=d ¥

A:(a_j.
C a
BHERIFAS A 218K, O

AR R

2N N(a, 8), K 8 #0.

51 5.9 iE9: N(a, ) ~, N(a,b) <= a =a, 3 = +b.
HUERR: & N(«, ) ~, N(a,b). W tr(N(«,B)) = tr(N(a,b)). TA, 2a =20 = a = a.
X EA det(N(a, B)) = det(N(a,b)), vk o® + B2 = a® + b2 & B2 = b2

Bz, % a=a,f=1b BMNAREZEE [ =—bFH. i, RMNA

b 2) G600 = 6050



/F':EIE 5.10 iXx A€ £(V) EHL. F\“]f%ft \%4 éﬁ"éﬂi{iii% €1,...,€e, Fer Oél,ﬂl, R ,(1/5755,
Nosits e An ER, BF By B, £ 0, 1213 A AR A T 09451455 F

N(ab Bl)

N(as, 5s)

>\23+1

An
MERR. MRAEEHE 5.7,
V=U& U ® Uy @ ® U,
Horp
(i) Uy, ..., Uy /& 4k A-ASA] 53123 [,
(i) Uzstr,---, Uy R—4E A-AT] 531230
(iit) Uy,..., Uy, Ussrn, ..., U, BFHIER.

Woegi1,e9 & U FIAIIERHE i =1,2,...,5, e; 72 U; PHIHRALFIE, j =25+ 1,...,n.
ARSI 5.8, fF#1E o, 0 € R, B # 0, FREE T Auv, 1E egi_1,eq FHIHFEZ
N(oi,Bi), i =1,2,...,s. RT—HALTHN0 U, £4E N € R 15 Ale;) = Njej, j =
25+1,....n. AU, ..., Uy, Usqr, ..., U, BIAIERE, FTLL eq, es, ..., €95 1, €05, €2511,...,€p
& V K—HBA RS, H A R AT KRR E B, O

?Eié 5.11 ix A ¢ Mn(R) EAL. ﬂlj/f%‘/ﬁ’_ 061,51,...,C¥s,ﬁs, )\28+17"'7)\TL S R, —;E:-CP
Bro--Bs # 0, 1277

N(ay, p)

N(as, Bs)

A NO B =
A2s+1

An

WEAR. W A R® — R AR Ax) = Ax 44, KA x = (24,...,2,)8 18 R™ B Rlidr
ERR S 8], WIARTEDE ey, ... e, RBAIIERIEH A fEZE NHHMESET A BN A IE
R, BTCL A TERE(CEE = F 50 —lfar @l 4.4). R EH 5.10, A FERH AL RS T A RE
& B. W A~,B. [



§5.3 EMETFHIHEF=H

5138 5.12 & Aec L(V). I (A)" = A.

WA, Boer,. .. e, RV I 4LEAIEACE, B A R A (EZHET MR W A* EZ
SRR A (B8 Y 4.2). FIFE (A% 7E%3E PO (A, T2,
(A) =A(FE-ZmHE e 2.1). O

513 513 X AcL(V) EA. R UCV & A-FZ0H, W U &LZE A-F 0.

UERR. MR SIHE 5.4, UL R A-FRIL ey, e & V I—4LRMIELE W) UL

ﬁ*éﬂﬁ{ﬁﬁ?&% €ry1,...,€p (%Eﬁiii 22)7 E- €1, €k, Ct1,---,€p % V Eﬁ#éﬂ
BN IEATHE. AR SR 88 RSB 6.7, A fEiZFE T RS2

A
A= :
A

A
()
2

H A, (A% (er), ..., A (er)) = (e, ..., ex) AL U & A A2, O

5138 5.14 X A e L(V) EH, X € specg(A). W X € specy(A*) LXT A F= X\ 694542
FTEE VY FTXT A Fo X\ QQ4FIET =0 V).

ERR. W v e V. W (v) 22 AR RPESIHE 513, (v) B2 AR BMUFEAE
o € R, i A*(v) = av.
HA A(v) = Av, BTEL (v[A(v)) = (v[Av) = A(v]v). Z5—J71H,

(VIA(W)) = (A"(V)v) = a(v]v),

THE, a(viv) = Av]v). BA v #£0, Bk (vlv) # 0. it A = o. FATG2], X € specg(A*)
HveVi. T, Vic Vi FE VY c Vi WBIE5IH 512, Vi c Vi O

S 5.15 % Ac L(V) EH, A,y € specg (A) B A £ Ao, M VMLV,
JERR. & vy € VM vy € VA2 T
(A(V1)|v2) = (Arvi|va) = Ai(vi]va). (1)

A ‘
(AD)Iva) = (1A (v2)) TEE (0 Agva) = da(valv). 2)

EE (1) ;FD (2) ﬁf%ﬂ, ()\1 — )\2)(V1’V2) =0. E& (V1|V2) =0. 0O



§6 XTFRE-FFIXTFREERE

§6.1 SEXTFRAEPERYIEAIARER

EH 6.1 (i) KA L(V) A M ALV KB E(ETETHIEMER diag(h, ..., A,
EF A, N €ER RLFHARE.

(ii) %X A€ SM,(R). W A ~, diag(M,..., ), % M,.oos )\ €ER RLARTE.

(iti) Ai, .. A R A (A) RIAHIERR. 45 A3, 52 4R 48 Mok X 5 18] b 49 5HAR ST 09 4542
ARAR A 5 2t

HUERA. (i) HHEBE 5.10 mI%n, M) A 7E VSR By 158 3 R A R 2
N(Oﬁ,ﬁl)

N(as, Bs)

/\2s+1

An

Hrb oy, Bl s, By Aasits oo dn ER, By B £ 0. BN A BXFRE T, bl B =Xt
FREEFE (55 =250 —PFan i 4.7). W s > 0. U N(ay, B1) RXTFREERE. dtal %, 5, = 0.
FIE. s =0.

(i) #2 A B EbrdERR S A R B0 AR BRI A]

(iil) AN A ~, diag(Ar, ..., \), FTEL A ~, diag(Ar, ..., \n). BUONERHIE 2 BAGEH
WA E(WHE - FEE =N, xa= = ) (t—A\,). O

) L.

(i) B Ae L(V) XFR. RV IELA AT IEAS TG A NI diag(M, ..., ).
(ii) & A € SM,(R). 3k P € O,(R) ffiff P~'AP = diag(\y, ..., \,).

HEAXLRE.

LoV A BRI, W EAH F R AEAR R A A

2. % i e {1,2,...,k}, R VY f)—IE;

3. %€ {1,2,...,k}, FIH Gram-Schmidt IEAZ0K VA — B4 IEACHE €51, ..., €40,



4. *E:J:Eﬁﬁ@ 5.15 ﬂlxﬂhﬁﬁ'{%ﬂ%ﬂ&ﬂ, €1,1,---5€1dy5 -5 €1y, €L 4, IEé Vv E‘J—‘éﬂ$’fj
B HAEZEE T A FHE R0 A ).

X RFRFERE, R FACEE bR AR 2 8] b L 55 BV AT

5 6.2 %
0 1 1 -1
1 0 -
A - c SM4(R)
1 -1 0
-1 1 1 0

it PcOyR) =3t A% B £4F B= P 'AP.

R, HIFENLER va(t) = - 130t +3). T2, A\ =1, \g = 3. i Vv —415
EA dim(VM) = 3. T4, rank(ME — A) = 1. BATH B &L

$1—$2—$3+$4:0

o= (a] BV RT. ELREAS Y

1 0 1
1 0 0
V= : : .
< 0 1 0 >
0 1 —1
THE VA2 [—HE By VM 1ivR H R = VA @ VA2 Bl VA = (VAL flba] A,
1
-1
V)\Q _
a0
1
FIH Gram-Schmidt 1EAZAKR VA ) —2H By 1E RS 44
1 1 1
- (1.1 t = 1,1) =—(1,-1,1,—1).
€1 \/5( ) 707())7 €2 \/§<0707 ) )7 €3 2( ) D) )
MH Gram-Schmidt IEAZR VA2 [ —HPALIEATIHESS: ¢ = 2(1, -1, -1, 1)%. K
o0
L o0 -1 _1
P — ﬂ 2 2
o L 1 _1
V2 2 2
o L -1 1
V2 2 2

BAE ) PAP = diag(1,1,1,-3). O



L 6.3 % A € SM,(R). M A #9E(f )BPEIHE T A P E Q)RR (EREHR
WELT). HA, A 225 AIRY A MR LY.

MERR. HEHE 6.1 (ii) A (iil), A ~, diag(A1, ..., ). BN A ~. diag(Ar, ..., ), FTBL A
P24 5 diag(Ay, ..., \,) FIZZAE. O

i 6.4 %

1 1 1
1 =3 -1 =3 —3
1 1 1
-5 1 -1 = —3
-1 -1 1 ! ~1
A=1. 1 . 1 _1
2 2 2 2

1 1 1
-5 —3 —1 —3 1

i+f=an<ﬂ-<g
2. 205 =ZF F— s W T,

A

In=10H, AR —ADEFER KELFT (1,0). T n=208H, AFANSEFIER K
ELF5T (2,0). ¥ n=308, A GARNEFER, —NRFER HELFT (2,0).
Ln>30, AR (n—1) NEFER, —ADNRFER ZELFT (n—-1,1). O

xalt) =1t - 4 = (1

£ 6.5 g BV EMZRE. Mg £V HFEETL e e, THEEET A
Mg BERAFEERE ¢, 6 TTEMR

g(v) =My + -+ Ay,
HF v=yier + -+ Ynen, specg(A) = { A, ..., N\, )

ERR. HERE 6.1 (ii) A (i), BAE P € O,(R) ffiff PAP = diag(Ah...., \y), H.
specg(A) = {1, ..., \,}. FREHAH

(617...,6n) = (el,...,en)P.
W oer, ... en &V HIRALIESCH (S =2 Zranidl 3.5). &

V:xlel—'—"'"f_l'nen:y161+"'+yn€n-
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2l

T T
qv) = (x1,...,2)A | | = (21,... ,xn)(Pt)*ldiag(/\l, . )\n)P*1

Tn Tn
Koy (P~ = (P7h) A — &R =UHEH 5,2, ATH

Y1

Yn

FRR 6.6 AR LKL FHET, BIXV RAAEARKX TN R® B e,...,e, AIRER.
Moe; =P, j=1,2.. . n B PO & A4t $ TR AWBEGSHEE
KA g Wt AREy.

EI 6.7 & A, BeSM,(R) L A E&. WAE PeGL,(R) 4% P'AP = E 4= P'BP
Rt A 1%

MERR. By A IEJE, FTUMFAE Py € GL,(R) {3 PIAP, = E (BitEEH). 4 C = PIBP;.
W C XFFR. RIEEEE 6.1 (ii), F£7E P, € O,(R), 13 D = PIOP, &RXTAFE. & P = PP,
W P'BP = PyCPy=D H P'AP = PLEP, = PP, = E (- Py € O,(R)). O

5 6.8 % A, B A/ n MIEZ4EE. iE8: det(A + B) > det(A) + det(B).
MWERR. B Lk e A E P e GL,(R) 1£4/F P'AP = E 4= P'BP = diag(ay,...,a,). T

P'AP + P'BP = diag(1 + ay,...,1+ ).

det(P)*det(A + B) = ﬁ(l + ).

i=1

det(P)?(det(A) + det(B)) = det(P'AP) 4 det(P'BP) = 1 + ﬁ .

=1
BA B EZ, Fih ar,...,a, € RY. T [[L,1+a;) > 1+ [, . BWT o,
det(P)?det(A + B) > det(P)?*(det(A) + det(B)) = det(A + B) > det(A) + det(B). O

EX 6.9 % Ac L(V) AR, mExTFHEE xc V\ {0}, (Ax)|x) > 0. WA A RIEE
Hy
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R 6.10 %k Ac L(V) sAR. M A EREHMRECAE V 6§82 EXHA TSR ER.

WERR. B e, ..., e, & V WAL IERSHE, A & A EZFE MR, x = 2100 + -+ + 2,e,.
M (x| A(X)) = (21, ... 20) AT, -y xn)t TR, A IEESHANY A IEE. O

#iL 6.11 X Ac L(V) sk M A B2 L BERECE A GPTA AFIEARAR A EE 5.

MERA. HEIR 6.3 A1 Bk A E A 1S. O

§7 FIXIIRE T IR FRREME

T 7.1 (i) kA L(V) #3bk. WAL B,...,B e R\{0}, 11F ALV t9m%
{7 B AT 9465 2

N(Ov ﬁl)

N(0, 8)

(i) % A € SSM,,(R). M A EAafAF Lk Xe94E%E M.
(iii) 52 #F3TARSE M An Bk X 2 0] Lo St AR F a9 45 IER RE R E R RE F T E.
MERA. (i) tHE R 5.10 A& U A FE VOISR A IR A R AR R

N(ay, pr)

N (o, B5)

)\2s+1

An

HAT a1, 81, 0, By Masttro oo An € R, Brees By # 0. B A RBKTET, BB B
BRI (= % 5 R A7), W N(ow, 5) RARDIFRIERE. BT, o = O,
i=1,2,..., s [EB Apgy == A, = 0.

(i) 38 A B BbRHERGR A ) b R - F R0 B B TR )
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(iii) B A~y M, FTBL A~y M. 8 x4 = Y. W
xu(t) = (% + B7) -+ (° + g%,
F4&, spece(A) C {0, £81v—1,...,£8,/—1}. O

5 7.2 % A€ SSM,(R). iE¥ E+ A T,
WUERR. ARE =2 7.1, B4 P O,(R) 14F PPAP=M, % M B2 7.1 4. TA,

N(1,p1)

PE+ AP = B+ M - N(L,8)

HA det(E+M)= 1+ - (1+82)#0. FIA E+ B T#. O

§8 IERHFFIERFER

EE 8.1 (i) ik Ae LIV) E. MBE 0,,...,0, € (0,7) 2 Aggy1,...,\y € {—1,1}
15 AV BFEEEL ERIETHERER
N(cos(61),sin(61))

N(cos(fy),sin(by))

A25—i—1

(ii) # A Ou(R). M A EXAMTF RA LY XBHEE M.
(iii) 3B A E X I8 (A AR 80 SRR A E T 1

MERR. (i) HsE 2R 5.10 W0, M A £V BOFEZE BT IE A8 KR T IR R
N(ay, A1)

N(ovs, Bs)

>\25+1
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Hrb o, Br, . sy Bey Aasits s A ER, By B £ 0. BN A RIERHE T, bl B &1
AT R (56 = B 50 i A 4. ) Wos > 0. W N(oy, ;) R IEASHRE HICSURHIERR. H5E =
BB U 3.4 ATEN, AEAE 0; € (0,7) 15 N(ay, 8;) = N(cos(6;),sin(6;)), i =1,2,...,s
RN, A AT BB IESE R, ROy IEAS AT 7 05 1 £1, Frbl A e {—1,1}.
(ii) 48 A B s ERR s E] R F R IS SR 7B A
(iil) XHMER 6 € (0,7), N(cos(),sin(9)) FIFHIEZ TATET 2 — 2cos(0)t + 1. HAR

A = cos(f) £sin(f)v/—1. O

5] 8.2 % P € O, (R) # & det(P) = —1. iE#: det(E + P) = 0.

WERR. MRAE R 8.1, BEERFERE Q 43 Q7'PQ =M, X M iz 32k, BA
det(P) = —1, A det(M) = —1. TA&, A& je{2s+1,...,n} £HF N, = —1. &A1
HFHF QUE+PQ=FE+M I, 73X |[E+ P| §F

|E4+M| = |N(14+cos(61),sin(61))| - - - |N(14+cos(6s),sin(0s))[(1+Aas41) - - (1+A,) = 0. O



