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y©0� §{ «{��0}¡ A ~�<ª0¡ ¨{� _

A =




0 1 0
1 0 0
0 0 2


 .

VS M{N h{§})§¡� §¡� ({§¡)�� ¨�©¨�¡� ~¡ AS

M|N i��¡�«0ª¡� §¡� ¡�¨{}¡� ¨�©¨�¡� ~¡ AS

M}N jª ~�~)0�¡ �)¡ A ¡�� ~0{£©ª{§0�{|§¡S A ¡��R¡§§¡ 0ª(¡��0|§¡d

WS M{N j¬¤0|¡� )ª¡ «{��0}¡ P �¡§§¡ �)¡ P−1AP �©0� ~0{£©ª{§¡S

M|N h{§})§¡� P−1S

XS M{N y©0� n )ª ¡ª�0¡� ���0}�¡«¡ª� ¨©�0�0¢S t©ª��¡� �)¡ A ¡� An �©ª� ~0{£©ª{§0�{|§¡�
~{ª� §{ «�«¡ |{�¡S

M|N h{§})§¡� AnQ ¨©)� �©)� n ∈ N∗S

M}N h{§})§¡� A−1S

j�jxhnhj u0W

V



y©0� E )ª RR¡�¨{}¡ (¡}�©�0¡§ ~¡ ~0«¡ª�0©ª n ¡� �©0� f )ª ¡ª~©«©�¨¤0�«¡ ~¡ ES vª
�)¨¨©�¡ �)L0§ ¡¬0��¡ )ª ¡ª�0¡� p ≥ 2 �¡§ �)¡ fp = 0 ¡� fp−1 �= 0.

VS y©0� x )ª (¡}�¡)� ~¡ ES t©ª��¡� �)¡ {x, f(x), · · · , fp−1(x)} ¡�� )ª¡ ¢{«0§§¡ §0|�¡ ~¡
E �0 ¡� �¡)§¡«¡ª� �0 fp−1(x) �= 0S

WS jª ~�~)0�¡ �)¡ p ≤ nS

XS ñ�{|§0� �)¡ {0} ⊂ Kerf ⊂ Kerfp−1 ⊂ Kerfp = E.

YS i�«©ª��¡� �)¡ �©)�¡� §¡� 0ª}§)�0©ª� ¨��}�~¡ª�¡� �©ª� ���0}�¡�S

�xvgsîtj

�{��0¡ n

y©0� Mn(R) §L¡ª�¡«|§¡ ~¡� «{��0}¡� }{���¡� ~L©�~�¡ n � }©¡C}0¡ª�� ��¡§�S vª ~�<ª0�
§{ ��{}¡ ~L)ª¡ «{��0}¡ A = (aij)1≤i,j≤n ~¡ Mn(R) ¨{� _

trA =
n∑

i=1

aii.

VS t©ª��¡� �)¡ §{ ��{}¡ ¡�� )ª¡ {¨¨§0}{�0©ª §0ª�{0�¡ ~¡ Mn(R) ~{ª� RS

WS ñ�{|§0� �)¡ tr(A) = tr(tA)Q ¨©)� �©)�¡ «{��0}¡ A ~¡ Mn(R)Q ©� tA ~��0£ª¡ §{
��{ª�¨©��¡ ~¡ AS

XS M{N y©0¡ª� A ¡� B ~{ª� Mn(R)S t©ª��¡� �)¡ tr(AB) = tr(BA)S

M|N jª ~�~)0�¡ �)¡ ~¡)¬ «{��0}¡� �¡«|§{|§¡� ©ª� §{ «�«¡ ��{}¡S

YS t©ª��¡� �)L0§ ªL¡¬0��¡ ¨{� ~¡ «{��0}¡ A ~{ª� Mn(R) �¡§§¡ �)¡ A tA− tAA = IQ ©� I
~��0£ª¡ §{ «{��0}¡ 0~¡ª�0��S Mvª ¨©)��{ }{§})§¡� tr (A tA − tAA) ¨©)� A ∈ Mn(R)NS

�{��0¡ nn

vª ª©�¡ Mn(R)∗ §L¡ª�¡«|§¡ ~¡� ¢©�«¡� §0ª�{0�¡� �)� Mn(R) M{¨¨§0}{�0©ª� §0ª�{0�¡� ~¡
Mn(R) ~{ª� RNS

	©)� A ∈ Mn(R)Q ©ª ~�<ª0� §L{¨¨§0}{�0©ª _

ϕA : X ∈ Mn(R) �−→ tr(AX).

W



VS t©ª��¡� �)¡ ϕA {¨¨{��0¡ª� � Mn(R)∗S

WS vª ~�<ª0� «{0ª�¡ª{ª� §L{¨¨§0}{�0©ª _

f : A ∈ Mn(R) �−→ ϕA ∈ Mn(R)∗.

M{N t©ª��¡� �)¡ f ¡�� )ª¡ {¨¨§0}{�0©ª §0ª�{0�¡S

M|N t©ª��¡� �)¡ f ¡�� 0ª¥¡}�0(¡S Mvª ¨©)��{ ¨¡ª�¡� � )�0§0�¡� §¡� «{��0}¡� Elm ~©ª�
�©)� §¡� �§�«¡ª�� �©ª� ª)§� ¤©�«0� }¡§)0 �0�)� � §L0ª�¡��¡}�0©ª ~¡ §{ lR0�«¡ §0£ª¡
¡� ~¡ §{ mR0�«¡ }©§©ªª¡ �)0 ¡�� �£{§ � VNS

M}N w)¡§§¡� �©ª� §¡� ~0«¡ª�0©ª� ~¡ Mn(R) ¡� Mn(R)∗d

M~N jª ~�~)0�¡ �)¡ §L{¨¨§0}{�0©ª f ¡�� |0¥¡}�0(¡S

XS M{N y©0� E )ª ¤¨¡�¨§{ª ~¡ Mn(R) M�©)�R¡�¨{}¡ ~¡ Mn(R) �¡§ �)¡ dim E =
dim Mn(R) − 1NS ��©)(¡� �)L0§ ¡¬0��¡ ϕ0 ~{ª� Mn(R)∗ �¡§§¡ �)¡ E = Ker ϕ0S

M|N jª ~�~)0�¡ �)L0§ ¡¬0��¡ )ª¡ «{��0}¡ ª©ª ª)§§¡ A0 ~¡ Mn(R) �¡§§¡ �)¡ _

E = {M ∈ Mn(R) | tr(A0M) = 0}.

X




