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1. LINEAR OPERATOR

% V &- B vector space B¥, j_V 3| V 5 linear transformation, ,T*wfﬁ-; A - & linear
operator on V. % T :V —V & - i linear operator pF, 2 % p Renv 14 g H & =
T?=ToT, 1% TS =ToT*?, ... gH-ETLAHEL ieN |7 1L T =ToT"!
(TV=id). 4est - KpES V - B GBS (5 F[T]-module), #Fr1 24 i r1ig
- HLTFET o V b %

- 1 linear operator d ** % & # ot pt 38 _F — B vector space, #* * ¥ 11 iE 4p F i1
ordered basis, iz § REL L 72 FERGH. ,T}u{;ru-? T:V —V & - i linear operator,
& 73] T & representative matrix, 2% 7 ¥ 123 2V &1—- B ordered basis f = (vy,...,Vy),
By B, 17 [T & B nxnmatrix. 37 2 {42 § 3 & 0 ordered basis 48 F P,
T ¢ representative matrix, #% TF“%%-LQ * [Tlg k&7, % ,T%{;ru

715 = (15(T(V1)),.., T5(T (V1))

bl4eE T,T5 ‘¢ % V & linear operator #% if* &v

[T20Thlp = [Da]g - [Ti]p-
Fobikgh oz, g [idlg =1
¥ — i linear operator % 3% ¥ ¢t en— B ordered basis &k @2, T 1 representative
matrix ¥ ¥ s A — $ 7, PP F 7 fEE 4k matrices 2 By 0 B % ﬁ*».—: % oplidlg &
change of basis matrix k{1 7. A F 0T 2 E 5k

Lemma . % B,B’ 52 V & ordered bases, T :V —V % linear operator, R
[T)p =p lid]g' - [T]g - plid]p-

¥ A, BEM,(F), ™ P 5 M,(F) ¢  invertible matrix, % B=P 1 A-P, PI# A,B
similar matriv, * A~B % % 7. p pFF det(P~!) = det(P)"! 4

det(B) = det(P~'-A-P) = det(P~!)det(A) det(P) = det(A).
d + — I Lemma # fFB:F\T'i;E'j [T]ﬁ ~ [T]B/, = 7 det([T]/;) det )I“«L;JLZ ? R —

# ordered basis, T 7 representative matrix 7 determinant ‘¥ #B P‘-; Fip s Bl A gi}u
&_T ¢ determinant, = fi}u{?u det(7) = det([T]p).

1 - i Lemma & i X £ 457 3 )I} AF A~ [T]g, £LF 74 3V - B ordered basis
B’ ##® A=T lpr 27 FF 1, % P 4~ @ invertible matrix i (¥ A= P! (Tlg PRIt
w43 3] V - B ordered basis B’ i% & P =g [id]p, w4

A=P ' [T)g-P =g idly - [T]g- plidlg = [T]p-
1
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ARG LT 2 B,

Proposition . B% V i finite dimensional vector space, dim(V)=n 2 B 5 V - B
ordered basis. %X T:V —V & linear operator 2 A€ My(F), Rl A~ [T]g #2*&EF 3 &V
e— B ordered basis B/ i 1§ A= [T]p.

2. CHARACTERISTIC POLYNOMIAL

a0k $5iF — B linear operator R AE, 2P F g it & 5 B 3T square matrix IR AL, AT
A g LIRS - HL o noxon matrix, 2R {8 R g hnear operator 35,

%% - B h#ct F 0 polynomial f(x) =cgx?4---+cix+co ™ % — B nxn matrix A, 3
[l

f(A) = CdAd + .- +01A+Coln.

R B, f(A) 2R - B nxnmatrix. - L KRELPE LI T D B A e f(A)
WRET L T

Al f(A) = AT (cgAh+ -+ 1A + ool

= cgAT p e AT L AT = (gAY -+ clAFcoly) - AT = f(A) - A

Pede b A G e xR A R, AP T U E R T g

Lemma . X f(x),g(x),h(x) € Flx] = f(x)=gx)h(x). # A€ M,(F), Bl

PaupRaml e A M etk § 42, - & kRE g(x),h(x) € Fl] 113
A,BEM(F), 2 — T §F g(A)-h(B)=h(B) g(A).
2T kAP BAENLE A~B LE f(A)~f(B) 7 F ARBEE P 5 invertible, 7

P lAapP?=P AP - (PLAP =P .A%P
fI* g F ey E
(P 1.A-P=pPL.A.P
Apg T R
Lemma . BX f(x) €F[x] £ A, BEM,(F). % A~B, B f(A)~ f(B).

Ay T e P4 A T linear operator, Bk f(x) = cgx? 4+ cix4co € Flx] 7 2
T:V —V &~ i linear operator, d ** linear operators 2. & e & = frse'L 2. F crjp 3k 4p 44
o, A

f(T)=cgT°+---4¢| T +coid,

kg e f(T) 98 8_V F| V 5 linear operator. & 7% 11k & T o f(T) = f(T)oT", #7
PR S IR



Lemma . BX& f(x),g(x),h(x) € Flx] 2 f(x)=gkx)-h(x). # T ZL(V), Bl
g(T)oh(T) =h(T)og(T) = f(T).

53— T F f(0=g(x) h(x) ¥ F(T) =g(T)oh(T) 5 3 L% g(A(T). +
#-g(T) 4= h(T) i&" B linear operator & = ¢ #3] f(T) & operator e ﬁ“’» 8
iz B linear operator i » g(x) i ® % 78 5.

%2 V - B ordered basis B 2 p X & B F(T) < representative matrix £_F fv T 1

representative matrix 7 B. ¥ F F N5 [Toz]ﬁ [T]2 fI* EFFpzv @
[T°)p = [ToT* g =[Tlg-[T]5" = [T},

)f ««"L;m
¥ h

d gt A T 2 B

Lemma . B®) V #_- B finite dimensional F-space, B % V - i ordered basis ®
T:V =V &— B linear operator. ¥ f(x)=cqx’+---+cix+co € F[x], B
[F(T)g = £([Tlg) = ca[TIf + - +c1 [T]g +coln.

B &% P nx n matrix mriﬂ i e dim(M,(F)) =n?, g ASM,(F), ¥ g S=
{1, A, A2, A"}, d %% #(S) =n>+ 1 > dim(M,(F)), & #*4c S % linearly dependent. 7= 7
Tt 0,ClyesC 2 €F 2 2G5 017

nzA”2+---+c1A+c01 =0.
FLf(x) = o teixto, BIE f(A) = 0. Flt AP T 0 $#HE & S nxn matrix
A - BAE A3 p? g2b g SN f( ) Fx] @ 8 f(A) % nXxXn 7 zero matrix
O LRTMcp F 7 a0 #8175 deg(f(x)=n? ¥ cp,...,c1,c0 25 0,

TFAPTYUSIIEKE nniEN f(x) #EF f(A)=0, fj‘u%’-\%;ﬁ ¢ characteristic
polynomlal.

Definition . &% A€ M,(F), ¥ & xa(x) =det(xl, —A) € Flx], 5 A ¢ characteristic
polynomial.

ARG hE T & det(A—xl,) & A i characteristic polynomial, #% i * det(xl, —A) i & &_
# xa(x) £~ B monic polynomial (# % =X 3 Tk #ic i 1). §I* "% 1§ & determinant 73 ;2 12
2EF R, APY Loy A S onxXn matrix BFL a(x) 0Bl on o Ee® ROE ks L
4T L H A pax) B (P oE) il h —tr(A) (G tr(A) 5 A chtrace, ¥
2 Ae). FebE-x=0 " xa(x) ¥ 18 xalx) ¥ #3985 xa(0) =det(—A) = (—1)"det(A).

=T kAP kg 5 similar matrices v i £ characteristic polynomial 3 = & B %,

Proposition . # A,BEM,(F) * A~B, B| xa(x) = xs(x).

#ulih § T:V =V & -  linear operator, B, B" % V ¢ordered bases, d ** [T]g ~ [T]g,
1+ — i Proposition 4 3% i@ xmﬁ(x) = Xy (x). F]pt AP F 02 g & linear operator
characteristic polynomial.
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Definition . 3% V % finite dimensional F-space. ¥+ V e linear operator T :V — 'V,
EB~V - B ordered basis B, % & T ¢ characteristic polynomial % Xl (x), 212 xr(x)
PN

7 M3t — i@ 3 "L characteristic polynomial # & & 2 5 ﬁ% F T g IR,

Theorem (Cayley-Hamilton Theorem). & A € My(F), xa(x) 5 A £ characteristic poly-
nomial, B] xa(A) =O.

% B 5 V eh— B ordered basis, T:V —V & linear operator, #* i* T_& xr(x) = X ; (x).
e pF xr(T) % linear operator, 2 ¥+ B < representative matrix %

e [xr(T)lp =0, F1 & xr(T) = 0. fgi}u{ linear operator %% & 1 Cayley-Hamilton

Theorem.

Corollary (Cayley-Hamilton Theorem). % V % finite dimensional F-space, T :V —V &
linear operator, B| xr(T) = 0.

3. MINIMAL POLYNOMIAL

% A #_nxn matrix, f1* A & characteristic polynomial, APy hi#ei nad
B fX)eFx] #tF f(A)=0. €72 ¢35 = e BT UE DR P R ? i A
4T, Blae A=1, B,y () = (x —1) e ﬁﬁ@; f( y=x—1, 2% f(I,) =1l —I,=O0.
AP A& S P S fid ) 2R R SRS f(X) e Flx] 17 f(A)=0.

Definition . X A € M,(F), w*75 2% 5383 f(x) € Flx] ¢ % & f(A) =0, = = #icd |
1 monic polynomial (& B =< I8 28k i 1) 5 A 9 minimal polynomial, * pa(x) k%

7T .

Ao - R b el 2R R RS f(x) € Fl] # W f(A) =0, @ £42.% £ monic
_ g(x) € Flx] % =x #c | ©2£% monic polynomial # ¥
fA)=g(A) =0, F]'¥ 5 Z#ch ] &G deg(f) =deg(g), * & F f(x),g(x) % monic, #=
o deg(f(¥) — 8() < deg(f(x)). & & B¥ f(A) —g(A) =0 —0 = O, &l = fich | % e
fx)—gx) = 5 F 53855 f(x) =g(x), #724 minimal polynomial pu(x) &r&— .
BT ORAP R R E A~ B, 78 T &0 minimal polynomial pa(x), up(x) £ FE4pE. F X
% 5 - 1 minimal polynomial # & & chl4 F7.

Lemma . B A€ M,(F) * f(x)€F[x]. Bl f(A)=0 &2 8% us(x) | f(x).

BE A~B, & Us(B) ~ us(A) = 0, R a foF &L similar et 2 5 FaEE (FHE R
invertible matrix P, P~!1-Q0-P=0), % ¥ us(B)=0. ¢ # —  Lemma v up(x) | ta(x). 32
F1% up(A) ~up(B) =0, ¥ pa(x) | up(x). o pa(x),up(x) & 5 monic, & i¥ pa(x) = pp(x)

222 4 N N 4L
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Proposition . # A,BEM,(F) ®* A~B, B us(x) = up(x).
A. ¥ 00 F - i linear operator £7 minimal polynomial.

Definition . 3%k V % — B finite dimensional F-space, T :V —V & — B linear operator.
“rH 2R SIS f(x) e Flx] ¢ R & f(T) =0, ¥ = #icd | 0 monic polynomial -5 T
minimal polynomial, * pr(x) % % 7.

F matrix &35, T 1 minimal polynomial & % .2 v&— . | % B 52540 e g o =
E(Fr R adkfrzm Sl E L FOl) AP EF LT B

Lemma . B3 V i — B finite dimensional F-space, T :V —V i — & linear operator. B
f(T)=0 F2 5z urx) | fx).

% B 5 V chordered basis, T = characteristic polynomial y7r(x) .4 T &7 representative

matrix [T]g ¢ characteristic polynomial [z ; (x) =& A {¥. 7 i T 1 minimal polynomial
pr(x) x 2 §_d Hir), TERED], TUAPEFRTPET R,
Proposition . 3% V % - B finite dimensional F-space, B % V - i ordered basis
T:V —V & linear operator. R

ur (x) = pyrpg (x)-

b 18 24 i K 31 minimal polynomial = characteristic polynomial 2. B e 7.

Theorem .
(1) Bk A€ My(F), Pl ta(x) | xa(x). @ 2 % p(x) € F[x] £- B drreducible polynomial,
Bl p(x) | xa(x) # 2 *5F p(x) | pa(x).
(2) B3k V 5 finite dimensional F-space, T :V —V % linear operator over F, B
pr(x) | xr(x). @ 2 % p(x) € Flx] &~ % drreducible polynomial, B] p(x) | xr(x) &
2 g p(x) | pur(x).

F1# x4 ¥ e Theorem, 2V i § 5 14T g %
Corollary . # A€ My(F) & xa(x) =p'(x)---pf(x) £ ¢;eN, pi(x) € Flx] 5 monic
irreducible polynomial = pi(x) # pj(x) fori# j, Bl pa(x) = p{" (x) - ppt(x) 27 1<m; <c;.

% X7 ¥ linear operator v € F P Rk %, AP fr%?p £ 3T SR EE & DI A
B i, SR - B2 L&~ B linear operator 7 minimal polynomial 17 & i g 4
15 3| v ¢ characteristic polynomial, #X{& £ §* + - B Theorem & | = #cenFA; - B -
BE~ EFEIEELN T Sk, § £ 2 minimal polynomial 7 .
Example . % & linear operator T : Py(R) — Py (R) & %_
T(1) =2 —1,T(x+1) =3 +2x+2,T(—x* +x+ 1) = 4x® +-2x + 2.

Ay D T e minimal polynomial pr(x).



# A% K P(R) ¢ ordered basis f = (—x* +x+1,x+1,1). 7]

T(—x*+x+1) = (—4)(—F*+x+1)+6(x+1)
T(x+1) = (=3)(—x*4+x+1)+5x+1)
T(1) = (=2)(=®+x+1)+2(x+1)+ (1)1

—4 -3 -2
@[Tp=| 6 5 2 .gaﬁﬁxﬂn:xmﬁmzpm4ﬂu—m.a
0 0 -1
-3 -3 -2 -6 -3 -2 00 6
(Tp+5)-(Tg-2)= 6 6 2 || 6 3 2 |=|00 —6 |,
0 0 0 0 0 -3 00 O
fo () = ), (0) # e+ D(x—2), @ @ pr(x) =iy, (0) = (c+ 1)2(x—2). $3 2
-3 -3 -2 00 6
(Tlg+B)*-([Tlg—2B)=| 6 6 2 |-[ 00 —6 |=0.
0 0 0 00 0

4. PRIMARY DECOMPOSITION

% UW ¥ 5 Vesubspace T UNW={Oy} pF, AP ERU+W * UdW k7. &1
LS UOW dp iV chsubspace U+W. 2% UoW & #5.k5%3 UNW = {0y}
T H2 & U,W 0 internal direct sum.

% V & finite dimensional vector space, ¥ U #_V e subspace. 3 ¥ B3| F¥ - BV
e subspace W @ 8 V=U@W. F + TP U - = basis S={uy,...,u,}, & {mxww 12
B-S P~ =V oah— & basis {u,..., Wy, Wi,...,W,}. ;L FFE L W =Span({wy,...,w,}), ¢
* {uy,..., Wy, Wi,...,W,} & linearly independent, & it 5 UNW = {0y }. #1207 & UpW
iz- B U,W i internal direct sum. * %] 5 V = Span({uy,...,u,, Wy,...,W,}), & i ¥
UeW =V. d 3t #— % linearly independent ~ 2 #F £ = basis e j I 7 v - | jE 4@ N
Pe 0 fEPISEV - i subspace U, # ¥V B UGW v W * 7 viE— .

#-V 8 2 internal direct sum V=U®W - TL%%@L{—? veV, flF tri- huelU
ME weW i ¥ v=u+w. PRV B3 B subspaces 7 internal direct sum 7|
B4rT

Proposition . &% U,W &% V &9 subspaces. * 7| % i 9
) V=UaWw.
(2) FveV, pligtari—- chucelUweW &% v=u+w.
(3) =R U,W 1 basis §1,5,, 37 F SiNSH=02F S1US, 5 V - & basis.

A 12 ds B subspaces 7 internal direct sum &4 | { % subspaces 7 internal direct

sum. F P F LT 2 .



Definition . B3 Vi,..., Vi 5 V 7 subspaces, *®
vin(Y vy))={0y},Vi=1,... .k
al
Rl V e subspace Vi +---+ Vi 5 Vi,..., Vi 0 internal direct sum, * Vi@---®Vy % 7.

£ =R, ¥tV odhsubspaces V...V, # i JF’KTa Vi4+---+V, i&— % subspace. & # i
B VIO @V CV &R s internal direct sum, i 238 Vy,... Vi & L ViN(X;4V)) =
{Ov}, Vi=1,... kg ig . ¥ v 28§ & 3f i9 decomposition theorem, ¥8 & #-— i
vector space 37 f# = — & subspaces ¢ internal direct sum, ] 5 #2477 ¢ 3 3£ 73} external
direct sum, #7124 i /T&‘J» £ %3 & internal direct sum, E #&4L 5 direct sum..

#- vector space B = % ¥ subspaces 7 direct sum, fv & = % [ subspaces 7 direct sum
3 e R rﬂ]é‘_%‘r d 2P fow — B Proposition 4p e, 2% i ,7&‘,‘4 2P

Proposition . BX Vi,...,Viy & V &3 subspace. T 7| H & W
W V=V&- BV
(2) FveV, B3 i=1,.. k¥ 3 arE-dv,eV, B v=vi+--+ V.
) ¥HEE V,basis S, AFF SiN---NS=02 S1U---US;, = V &= & basis.
F

FE AP w 3| linear operator. & T :V —V % linear operator, & 4 ¥ &V & = - &
subspaces 1 direct sum, i iz¥ subspaces #7 ordered basis #1% = V & ordered basis %
T i representative matrix § v a4+ 0538 R E DB P b, APAF F T ] igd

subspaces } £.7 € g4 (A Z v 77 % linear operator), #Tr4 A G 0T TR,

Definition . B3 T:V =V & - B linear operator. & W 5% V &7 subspace ® 3% &_
TW)CW (r$t9r3 weW %3 T(w)eW), Bl W 5 T-invariant.

AN

% % 2% Im(T) §= Ker(T) % % T-invariant. # P& 24 * f(x) € Flx] 73] {
T-invariant subspaces.
Lemma . B3k V i F-space, T:V —V % linear operator ® f(x) € Flx|. ® Im(f(T)) 4=
Ker(f(T)) ¥ % T-invariant subspaces.
Proof. B3k welm(f(T)), T3 tveV @ EF w=f(T)(v). d Tof(T)=f(T)oT, F*

T(w) =T(f(T)(v)) = (T o f(T))(v) = (f(T)oT)(v) = f(T)NT(v)) € Im(f(T)),

##% Im(f(T)) 5 T-invariant.

Bk v € Ker(f(T)), ™ % f(T)(v) =Oy. 28 f(T)(T(v)) =T(f(T)(v)) =T(Oy)= Oy,
72 T(v) € Ker(f(T)), #% Ker(f(T)) % T-invariant. O

¥z~ % linear operator T :V —V, % Jg V &1— i subspace W, 2 ¥ 18- T g1z
B WP W H, TR Tw: W=V, 255 Tw(w)=T(w),VYweW. igd - BEW

T

N

| V ¢ linear transformation, 2% £ % the restriction on W. § W & T-invariant &, F]
T(w)eW,VweW, 2F5 Tlw:W—=W, 2 - B W ! & linear operator. # i g R+



8
M 4E3t Tlw fo T <0 minimal polynomial 2 b . 7 L3 f(x) € Flx], FIW 7™ %
f(T)-invariant, # 7 3 &g f(T)|w v f(T|w) &= B W i linear operator 2. B e13hf
T AT weW, 7]
T (W) = T°*(w) = T(T(W)) = T|w(T lw(w)) = T|w" (W),

Apse T2y 4o Tlw™ 5 W 1 48 F &9 linear operator. 1% #c§ 52 7 8 Ty =
Tlw*,VieN. % f(x) = agx?+---+aix+ag € Flx], Pl 23 we W, ¥ 3

F(T)lw(w) = F(T)(W) = ag T |w (W) + -+ a1 T|w (W) +aoid|w (W)

= ag T|w* (W) + -+ a1 T|w(w) +aoidlw (w) = £(T|w)(w).
- r‘]&{;;b f(M)|w = f(T|lw) &-W 2} 4p Fe 0 linear operator, F]* 4w
F(T)lw = f(Tw)-
Frr gt g5k, 2 2T 2 Lemma.
Lemma . B3 T:V —V 5 linear operator, W 5 T-invariant subspace, B] T €1 restriction
onW, T|ly:W—=W & W I & linear operator, £ 2 minimal polynomial pr),, (x) #& &
Uy, (X) | 7 (x).

B®X V ¥ 28 & & B T-invariant subspace U,W 1 (internal) direct sum V = U @
W, & wiE B UW - B ordered basis B = (uy,...,w;), B = (Wi,...,Wy), Bl & B =
(wy,...,u;,Wy,...,Wy,) 7% 5 V & ordered basis. ¢ B d > T(w;) = T|y(w) € U, 3 i 4
[T|g % & [ & columns, # @ column &% [ & entry ¥%4c [T|ylg 1Ak, @ 2 5% m B
entry % & 0. Fthe, d 2 T(w;) =Tly(w;) €W, 23 [T]|g chié & m B columns, *
column 73 [ i entry $8E_ 0 @ &% m @ entry ¥ f= [T|wlg, 1P F. i&.{;&, T ¥t B

£ representative matrix
[Tlulp, O )
Tl = 1
m=("6" i,

FI* 35 B 5% AP s 12 {7 B] characteristic polynomial = %7 .

Lemma . B3k V % finite dimensional F-space, T :V —V & linear operator. % V =U®W,

He¢ UW % T-invariant subspace, P
XT('X) = XT‘U(X)XT‘W (X)

2 *% minimal polynomial, 2% i ¥ 2 8 3] 12T e0Rf %,

Lemma . B3k V % finite dimensional F-space, T :V —V % linear operator. & V =U&W,

2 UW i T-invariant subspace, B
pr (x) = lem(ug), (x), lrp,, (x))-

AN RIP 4o ¥V B = T-invariant subspaces &7 direct sum.



Theorem . B3X V 5 finite dimensional F-space, T :V —V & linear operator ® ur(x) =
fix)gx), & ¢ f(x),g(x) € Flx| % monic polynomials ¥ relatively prime. % & U =
Ker(f(T)), W =Ker(g(T)), Bl V ¥ 12 B = T-invariant subspaces U,W 1 internal direct
sum, ¥V =USW, &2 iz, ()= £(x) 1% pipy, (x) = g(x).

IR AT 4% 35 kernel 7 3| T-invariant subspace. w EE— T, $F3% linear
operator T:V — V. & 35 7] Ker(T), 2 ¥ 24 * V &1 ordered basis B, % 17 ¥| representa-
tive matrix [T]g. £ & [T]g <7 null space N([T]g) (3% * N(A) % 7 4L A 1 null space).
F ¥ % null space sh~ % * TE_] BR2VanF f]*ulf! 3| Ker(T) eh~% 7 .

Flx] #- % unique factorization domain (U.F.D.), % 7 F[x] @ 2t # 5 57 54 30+
reE - B o= - i irreducible polynomials 3k ff.  F] 3% linear operator T h mlni—
mal polynomial, #% ¥ 12 35 3|48 £ 7 monic irreducible polynomials pj(x),...,pr(x) @ &
pr (x) = pr(x)™ - pr(x)™, B¢ my,....mp € N. d % characteristic polynomial x7(x) f=
ur(x) 3 40 f R FIS 2 ur(x) [ xr(x), 4P aE xr(x) = pr(x) - pe(x)% £ ¢ ceN *

Ci Z ni;.

Theorem (Primary Decomposition Theorem). 3k V &_ dimension % n =0 F-space,
T:V—V % linear operator ®

pr (x) = pr ()™ - pr(x)™ and - xr(x) = p1(x) - pr(x)*

W
N

=
I

HY ¢m €N 2 pi(x),...,pr(x) 5 48 B &9 monic irreducible polynomials.
Ker(p;(T)™), fori=1,... k, B
V=Vi®d--- oV

g

“Tlv,- (X) = pl'(X)mi and XT‘V, (X) = pi(x)ci, Vi= 1,... k.

Primary Decomposition Theorem £ % if* 3 linear operator T : V — V & characteristic
polynomial (2 minimal polynomial) &_ py(x)t--- pr(x)%, B] ¥ 12 4% 3] V &9 ordered

v

basis B, # # [T]g & 14 &1 block diagonal matrix

4 0
O a)
:p( )i_ fﬂﬂ'bj-z{éf\‘.ﬂaa 2 i@‘vv‘]*ﬂ?;‘f
linear operator # characteristic polynomial 5 p(x)¢ (2 # p(x) 5 monic irreducible, ¢ € N)
—:E'%;é_]%_q/).u‘f V]
> nxn > AeM,(F), # % ¥ 124 * linear operator £ primary decomposition 7
P£ 4 45 ) invertible matrix P € M, (F) # ¥ P~'-A.P % block diagonal matrix. #\ i+ 12
#-A F F] = g_linear transformation T: F" — F" H 2. % 5 T(x) =Ax. p*PF A { T >+

H ¢ & i A; e characteristic polynomial 5 xa,(x)



