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1. (10&h�)
det : M3,3(F ) → F

_� uniqueness\�¦ 7£x"î

���.

2. (��) (3&h�) A =
(

α β
γ δ

)
, B =

(
α′ β′
γ′ δ′

)
∈ M2,2(R)s� ÅÒ#Q&���̀¦ M: linear map λA, ρB :

M2,2(R) → M2,2(R)\�¦ y��y��

λA(C) = AC ρB(C) = CB, C ∈ M2,2(R)

�Ð &ñ
_�
���. M2,2(R)_� standard basis {E1,1, E1,2, E2,1, E2,2}\� �'aô�Ç linear map λA, ρB\� @/6£x
�

��H '��§>=[þt�̀¦ y��y�� ½̈
���.
(��) (3&h�) 0A\�"f ½̈ô�Ç ¿º 4× 4 matrix�� "f�Ð commute�<Ê�̀¦ 7£x"î

���.
(��) (3&h�) e��_�_� A ∈ M2,2(R)\� @/
�#�

tr(A) = 〈Aξ, ξ〉
�̀¦ ëß�7á¤
���H ξ ∈ R2��H �>rF�
�t� ·ú§6£§�̀¦ �Ðs���.
(��) (3&h�) Φ : M2,2(R) → M4,4(R)\�¦ Φ(A) = [λA\� @/6£x
���H '��§>=]Ü¼�Ð &ñ
_� ½+ÉM: e��_�_� A ∈
M2,2(R)\� @/
�#�

tr(A) = 〈Φ(A)ξ, ξ〉
�̀¦ ëß�7á¤
���H ξ ∈ R4�� �>rF��<Ê�̀¦ �Ðs���.

3. V�� Ä»ô�Ç	�"é¶ real inner product spaces��¦ W��H V_� subspace�� 
���.
(��) (3&h�) W0A�Ð_� projection P\�¦ &ñ
_�
���.
(��) (3&h�) W 6= 0, V{9�M: projection P_� minimal polynomial�̀¦ ½̈
���.
(��) (3&h�) tr(P ) = dimWe���̀¦ �Ð#���.
(��) (3&h�) linear map T : V → V\� @/
�#� Wü< W⊥�� T -invariant{9� �¹Ø�æìכ��9r�̧|	��Ér

T ◦ P = P ◦ T

e���̀¦ �Ð#���.

4. (10&h�) A ∈ Mn,n(F )�� diagonalizables���� minimal polynomial mA(t)�� multiplicity 1��� F [t]_�
{9�	�d��[þt�Ð ���Ãºì�rK�H�d�̀¦ �Ð#���.

5. linear map T : R5 → R5_� minimal polynomials� mT (t) = (t− 1)2(t2 + 2t + 2)s����¦ 
���.
(��) (5&h�) characteristic polynomial�̀¦ ½̈
���.
(��) (5&h�) ì�rK�&ñ
o�[þt�̀¦ &h�6 xK�"f T\� @/6£x
���H '��§>=�̀¦ companion matrix[þt_� blockÜ¼�Ð ����?/
��.

6. (10&h�) SO(3)_� "é¶�è��H R30A_� �r���î�r1lxe���̀¦ �Ð#���.

7. (��) (5&h�) V��Ä»ô�Ç	�"é¶ real inner product space{9�M:l�$�_����×þ�õ�Áº�'aô�Ç linear isomorphism
Φ : V → V ∗\�¦ ½̈$í

���.
(��) (3&h�) W�� V_� subspace{9� M: Φ(W⊥) = W perpe���̀¦ �Ð#���.
(��) (3&h�) {vi}�� V_� orhonormal basiss���� {Φ(vi)}��H {vi}_� dual basise���̀¦ �Ð#���.

8. Symmetric matrix




1 0 0
0 1 0
0 0 −1


 ∈ M3,3(R)\� _�K� ÅÒ#Qt���H non-degenerate symmetric bi-

linear form B : R3 × R3 → R�̀¦ Òqty��
���.



2

(��) (5&h�) (R3)∗ü< R3\�¦ B-identifyÙþ¡�̀¦ M:, R30A_� linear functional f(x, y, z) = x + y + zü< @/6£x
÷&��H R3_� vector\�¦ ½̈
���.
(��) (10&h�) linear map T : R3 → R3�̀¦

T (x, y, z) = (z, x, y)

�Ð &ñ
_�
���. s�M: (R3)∗ü< R3\�¦ B-identify
����, dual map T ∗\�¦ R3�©�_� linear operator�Ð s�K�½+É
Ãº e����. T ∗(x, y, z) ∈ R3\�¦ ½̈
���.

9. (10&h�) U(n)�̀¦ Cn2
_� topological subspace�Ð Òqty��
���. U ∈ U(n){9�M: p(0) = Is��¦ p(1) =

U��� continuous path
p : [0, 1] → U(n)

\�¦ ½̈$í

���.


