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14 �(

� V ´� F þ� n��5�m, A ∈ L(V ).

14.1 Ä�5�

Ý
L«. � e1, . . . , enÚ εn, . . . , εn´ V �ü|Ä, �

(εn, . . . , εn) = (e1, . . . , en)P, P ∈ GLn(F ).

XJ

(A(e1), . . . ,A(en)) = (e1, . . . , en)A

Ú

(A(e1), . . . ,A(en)) = (e1, . . . , en)B,

Ù¥ A,B ∈ Mn(F ). K B = P−1AP . ddÚÑ A ∼s B.

�qØCþ. rank(A), tr(A), det(A), µA(t), χA(t), A��.

�A��þØ´�qØCþ.

ØØ©)�Ø�©).

(a) � f, p, q ∈ F [t]÷v f = pq � gcd(p, q) = 1. XJ

f (A) = O. K

ker(p(A))⊕ ker(q(A)) = V � p(A)|ker(q(A))�_.
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(b) ker(A)⊕im(A)=V⇐⇒rank(A)=rank(A2)⇐⇒t|µA� t2-µA.

14.2 4�õ�ª

Ä�5�. � f ∈ F [t]. K f (A) = O ⇐⇒ µA(t)|f (t).

A^.

(a) é�z�½. A�é�z��=�

µA = (t− α1) · · · (t− αk),

Ù¥ α1, . . . , αk ∈ F , üüØÓ.

(b) Ì��f�½. A´Ì��f��=� deg(µA) = n.

(c) (½ JordanIO.¥�� Jordan¬���.

14.3 ØCf�m

� U = 〈e1, . . . , ed〉´ A-ØCf�m. K A3Ä.
e1, . . . , ed, ed+1, . . . , ene�Ý
/XµB C

O D

 , Ù¥ B ∈ Md(F ).

? µB|µA, µD|µA, � χA = χBχD.
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� U = 〈v1, . . . ,vd〉ÚW = 〈vd+1, . . . ,vn〉´ AØC
f�m, �

V = U ⊕W.

KA3Ä. v1, . . . ,vne�Ý
/XM O

O N

 , Ù¥M ∈ Md(F ).

? µA = lcm(µM , µN)� χA = χMχN .

A^. V = U1 ⊕ · · · ⊕ Uk, Ù¥ Ui´A-Ø�©�.

14.4 A��þ, A��ÚA�õ�ª

A��ÚA��þ�O�.

Ä�5�. � specF (A)) = {λ1, . . . , λk}, Ù¥ λ1, . . . , λkü

üØÓ. K V λi´A-ØC�� V λ1 + · · · + V λk ´�Ú.

A^. o��é�z�½{K.

14.5 Ì�f�m

Ä�5�. F [A] · v = {p(A)(v) | p ∈ F [t]} .

Ì��f�Ý
L«. �A´Ì��f�

µA = tn + fn−1t
n−1 + · · · + f0.
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KA3Ì�Ä v,A(v), . . . ,An−1(v)e�Ý
´

0 0 0 · · · 0 −f0
1 0 0 · · · 0 −f1
0 1 0 · · · 0 −f2
... ... ... . . . ... ...

0 0 0 · · · 0 −fn−2
0 0 0 · · · 1 −fn−1


.

A^. Hamilton-Cayley½n�y². Ý
�q�½OK I

�y².

14.6 �m©)

Ì�(Ø.

(a) V = F [A] · v1 ⊕ · · · ⊕ F [A] · v`

(b) V = U1⊕ · · ·⊕Uk,Ù¥z� Ui´A-Ø�©�,= Ui

´Ai-Ì��, � µi´ µA�,�Ø��Ïf��g,

Ù¥Ai´A3 Uiþ����f µi = µAi
.

A^.

(a) \r�� Hamilton-Cayley½n, Ø�©f�m�½

{K.

(b) �EEê�þÝ
� Jordan¬ÚIO..
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14.7 Eê�þ JordanIO.�O�

Ä��{.

(a) é$��
, |^A���AÛê§�êêÚ

§�34�õ�ª¥�êß JordanIO.;

(b) ���/, |^�S�O�Ð�Ïf|�E Jordan

IO..

14.8 Ý
�q��½

n��½{K.
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