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�. W�K

1. 3î¼�mR4¥, �þα = (1, 2, 2, 3), β = (3, 1, 5, 1)�Y�〈α, β〉= . (2011c�®�Ï�Æ)

2. 3î¼�mR4¥, �þα = (1, 1, 1, 2), β = (3, 1,−1, 0)�Y�〈α, β〉= . (2013c�®�Ï�

Æ)

3. �R2×1¥�SÈ�α
′
β) = α

′
Aβ, A =

(
2 1

1 2

)
, K

(
1

2

)
,

(
0

1

)
3dSÈ�e�ÝþÝ
� .

(2015c�®�Ï�Æ)

4. �ε1, ε2, · · · , εn´î¼�mV��|IO��Ä, u ∈ V ,�(u, ε1)2 +(u, ε2)2 + · · · (u, εn)2 = 4,K‖u‖ =

. (2015c�®�Ï�Æ)

5. n�é¡��Ý
Uì�q©a, �k a. (2015c�®�Ï�Æ)

6. �A = (ai,j)n×n�n���Ý
, �a11 = −1, KÝ
�§Ax =


1

0
...

0

 �)� . (2015c�®

�Ï�Æ)

7. �α1 = ( 1√
2
, 0, 1√

2
), α2 = (0, 1, 0), α3 = ( 1√

2
, 0,− 1√

2
), �îAp��mR3���IO��Ä, KR3¥

�þξ = (2, 1,−2)3α1, α2, α3 e��I� . (2017 c�®�Ï�Æ)

8. 3¢�5�mR3, éuR3¥��þα = (x1, x2, x3), β = (y1, y2, y3), ½ÂR3þ���$��(α, β) =

x1y1+x2y2+x3y3,KR3¤�î¼�m,3dî¼�mR3¥,�þα = (1, 2, 2)��Ý´ underline ,

�þα = (1, 2, 2)��þβ = (2,−1, 0)�m�Y�´ underline . (2015c�ënó�Æ)

9. �α1, α2, α3´3�î¼�mV ��|Ä,ÙÝþÝ
�A =


3 0 0

0 1 −1

0 −1 2

,�þβ = α1−α2,K|β| = .

(2013c�H���Æ)
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10. �W = L(α1, α2)´î¼�mR4¥d�þα1 = (1, 1, 0, 0), α2 = (0, 1, 1, 0) )¤�f�m, KW���

Ö�mW⊥���IO��Ä� . (2015c�H���Æ)

11. �3 �î¼�m V ��|Ä α1, α2, α3 �ÝþÝ
�


1 −1 0

−1 2 0

0 0 3

 . K�þ 2α1 + 3α2 − α3 ��

Ý� .

12. �3 �î¼�m�|Ä α1, α2, α3 �ÝþÝ
�


1 0 −1

0 3 0

−1 0 1

 , K�þ 2α1 + 3α2 − α3 ��Ý

� .

13. � V �3�î¼�m, ε1, ε2, ε3 � V �IO��Ä,XJÄ α1 = ε1 +ε2 +ε3, α2 = ε1 +ε2, α3 = ε1

KÄ α1, α2, α3 �ÝþÝ
� .

14. �n�¢é¡Ý
 A �A��©O� a, a, b(a 6= b), XJ(1,1,1),(1,0,1)� A �éAuA�� a �

A��þ, KÝ
 A éAuA�� b �A��þ�: .

15. � A ∈ Cn×n . e A ´jÝ
, K .

�. ÀJK

1. �A,Bþ�n�¢é¡Ý
, �þ�_, ΛL«,é�Ý
, Ke�·K¥Ø�(�´( ). (2016c�

®�Ï�Æ)

(A)�3�_Ý
P , ¦P−1(A+B)P = Λ

(B)�3��Ý
Q, ¦Q−1(A−1 +B−1)Q = Λ

(C)�3��Ý
Q, ¦QT (A? +B?)Q = Λ

(D)�3�_Ý
P , ¦P−1A)P = Λ

2. ( ). (2016c�®�Ï�Æ)

(A) (ad− bc)2 (B) −(ad− bc)2 (C) a2d2 − b2c2 (D) b2c2 − a2d2

3. � V � n �î¼�m, K( )

A. A ¥�3�"���þ| α1, α2, · · · , αn+1 ;

B. V �?¿��Ä�ÝþÝ
´�½Ý
;

C. XJ W ´ V �f�m, K W ���Ö W⊥ Ø��;

D. V ¥IO��Ä�LÞÝ
´��
.

n.O�K
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1. -R[x]3�SÈ�(f, g) =
∫ 1

−1 f(x)g(x)dx, R[x]3�Ä�f0 = 1, f1 = x, f2 = x2,ÁA^��A��z�

{¦R[x]3��|IO��Ä. (2009 c�®�Ï�Æ)

2. �ε1, ε2, ε3, ε4, ε5´î¼�mV��|IO��Ä, V1 = L(α1, α2, α3), Ù¥α1 = ε1 + ε5, α2 = ε1 −

ε2 + ε4, α3 = 2ε1 + ε2 + ε3, ¦V1��|IO��Ä. (2012c�®�Ï�Æ)

3. 3î¼�mRn¥, �W� 
2x1 + x2 + 3x3 − x4 = 0,

3x1 + 2x2 − 2x4 = 0,

3x1 + x2 + 9x3 − x4 = 0.

�)�m, ¦W⊥ =? (2013c�®�Ï�Æ)

4. �α1, α2, α3´3�î¼�mV ��|Ä, ù|Ä�ÝþÝ
´A =


1 −1 1

−1 2 0

1 0 4

, ¦V��|IO�

�Ä. (2015c�®�Ï�Æ)

5. �A =


0 1 1

1 0 1

1 1 0

, ¦��Ý
Q, ¦�Q−1AQ =


2 0 0

0 −1 0

0 0 −1

. (2011c�ënó�Æ)

6. �q1, q2, q3´n�o�¢��þ, ¿PQ = (q1, q2, q3), eq1, q2, q3üü����Ý��, K

(1)¦àg�5�§|Qx = 0�)�m��ê;

(2)¦Qx = q1 + 2q2 + 4q3����¦);

(3)�v´q1, q2, q3)¤��5�m�	���o���þ, ÏLéq1, q2, q3, v?1��A��z, �Ñ

1o�����þq4. (2013c�ënó�Æ)

7. �A =


3 2 1

2 0 1

0 0 2

, ¦����Ý
Q, ¦�Q−1AQ�é�Ý
. (2013c�ënó�Æ)

8. Á(½��Ý
T , ¦�T
′
AT�é�Ý
, Ù¥A =


1 −1 −1

−1 1 −1

−1 −1 1

. (2011c�H�Æ)

9. ¦��Ý
Q, ¦�QTAQ�é�Ý
, ¿�Ñdé�Ý
, Ù¥A =


2 1 0 0

1 2 0 0

0 0 0 1

0 0 1 0

. (2015c�H�Æ)

10. �α1, α2, α3´3�î¼�mV ��|Ä, ÝþÝ
�

A =


1 −1 2

−1 2 −1

2 −1 6
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(1)¦β = α1 + α2��Ý.

(2)¦ëêλ��, ¦�γ = α1 + α2 + λα3�β��. (2012c�H�Æ)

11. �3�¢é¡Ý
A�A���λ1 = −1, λ2 = λ3 = 1, �λ1éA�A��þ�α1 = (0, 1, 1)
′
, ÁO�:

(1)¦Ý
AéAuA��1�A��þ;

(2)¦Ý
A;

(3)¦��Ý
T , ¦�T
′
AT�é�Ý
. (2014c�H�Æ)

12. �A ∈ Rm×n´m× n�¢Ý
, b ∈ Rm´¢m��þ, ATL«Ý
A�=�. y²:

(1)�5�§|Ax = bk)�¿�^�´b�àg�5�§|Ax = 0�)�m��;

(2)e�5�§|Ax = bÃ), K�3x̂ ∈ Rn, ¦�é∀x ∈ Rn, k

‖ Ax̂− b ‖≤‖ Ax− b ‖,

Ù¥‖ x ‖= √< x, x >, <,>�Rn¥SÈ. (2017c�H�Æ)

13. �Ý
A =


1 −2 −2 −2

−2 1 −2 −2

−2 −2 1 −2

−2 −2 −2 1

¦����Ý
T , ¦T
′
AT�é�
. (2015 cuÀ���Æ)

14. ®�Ý
A =


3 1 0 −1

1 3 −1 0

0 −1 3 1

−1 0 1 3

¦��Ý
Q, ¦�Q−1AQ�é�Ý
, ¿�Ñ���é�Ý
.

(2016cuÀ���Æ)

15. ®�¢é¡Ý
A =


4 1 1

1 4 1

1 1 4

, ¦����Ý
T , ¦T
′
AT�é�
. (2017cuÀ���Æ)

16. �Ý
A = 1
3


2 −1 2

−1 2 2

2 2 1

, ¦����Ý
P , ¦PTAP�é�
, ¿�ÑTé�
. (2018cuÀ�

��Æ)

17. �ε1, ε2, ε3´î¼�mVþ��|IO��Ä, �

α1 = ε1 + ε2 − ε3, α2 = ε1 − ε2 − ε3, W = L(α1, α2).

(1)¦W��|IO��Ä;

(2)¦W⊥��|IO��Ä;

(3)¦α = ε2 + 2ε33W¥�S�K(=¦β ∈W , ¦α = β + γ, γ ∈W⊥), ¿¦α�Wål. (2009cuH

nó�Æ)

4

厦
门
大
学
《
高
等
代
数
》



18. �V�4�î¼�m, ε1, ε2, ε3, ε4 �V��|IO��Ä, -

α1 = ε2 + ε3 + ε4, α2 = ε1 + ε3 + ε4, α3 = ε1 + ε2 + ε4, α4 = ε1 + ε2 + ε3,

(1)òα1, α2, α3, α4z�ü ����þ|β1, β2, β3, β4;

(2)¦dÄε1, ε2, ε3, ε4 �Äβ1, β2, β3, β4�LÞÝ
;

(3)-W1 = L(α1, α2), U1 = W⊥1 ; W2 = L(α2, α4), U2 = W⊥2 . Á^Ä�þε1, ε2, ε3, ε4 L«f�

mU1 + U2, ¿(½Ù�ê. (2013cuHnó�Æ)

19. ®�α1, α2, α3´n�î¼�mV��|Ä, �ù|Ä�ÝþÝ
�

A =


1 −1 1

−1 2 0

1 0 4

,

¦V��|IO��Ä(^α1, α2, α3L«Ñ5). (2017cuHnó�Æ)

20. 3 Rn �m¥, ®��5C� A 3?�Ä ei e��Iþ� (1, 1, · · · , 1)′ , Ù¥ ei �ü Ý


�1 i ����þ.

(1) ¦ T �A��.

(2) ¦ Rn ��|IO��Ä, ¦� T 3ù�|Äe�Ý
�é�
.(2010cu¥�E�Æ)

21. � α, β, γ ´î¼�m Rn ��þ, ¿�

α+ β + γ = 0.

(1) XJ (α, β) > 0 , y² (α, γ) > 0, (β, γ) > 0 , ¿� |γ| > max{|α|, |β|} .

(2) XJ (α, β) < 0 , y² (α, β) > max{(α, β), (β, γ)} , ¿� |γ| > max{|α|, |β|} .

(3) Á`²(1) �(2) �AÛ¹Â.(2013cu¥�E�Æ)

22. ¢�� 
1 1 1

1 1 1

1 1 1

 ,
¦��
¦Ùé�z.(2015cu¥�E�Æ)

23. �¢é¡Ý


A =


2 −2 2

−2 −1 a

2 a b


�A���Ú�u0, A���È�u-54. ¦ a, b ��, ¿¦��Ý
 T ¦� T ′AT �é�Ý
.
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24. �¢é¡Ý
 A =


a 0 b

0 2 0

b 0 −2

 (b > 0), ®� A ��ÜA���Ú� 1, È� −12.

(1) ¦ a, b ��;

(2) ¦����Ý
 T, ¦� T ′AT ´é�Ý
.

25. �3?¢é¡Ý
 A ���2, λ1 = λ2 = 6 ´ A ��A��, α1 = (1, 1, 0)′ , α2 = (2, 1, 1)′ Ñ´

A �áuA��6 �A��þ.

1. ¦ A �,�A��9Ù�ÜA��þ.

2. ¦Ý
 A .

26. �A =


2 2 −2

2 5 −4

−2 −4 5

 . Á¦����Ý
T ¦�T ′AT = D �é�Ý
, ¿�Ñdé�Ý
 D .

27. � A =


0 1 1 −1

1 0 −1 1

1 −1 0 1

−1 1 1 0

 , Á¦���Ý
 T , ¦ T ′AT ¤é�/.

28. ®�n�îAp��m V ¥�|Ä α1, α2, α3, ÙÝþÝ
� A =


2 −1 0

−1 2 1

0 1 1

 , ¦�þ β =

2α1 − α3 ��Ý.

29. � A =


−3 −1 −1

1 −1 −3

0 0 2

 , ¦ A �e��IO. J, ¿¦�_Ý
 T ¦� T−1AT = J.

30. �¢Ý


A =


1 2 1 1

1 0 0 1

0 1 1 1

0 0 0 1

 .

Áò A �¤����Ý
 Q ���þn�Ý
 T �¦È.

31. � V ���î¼�m. T � V � V ���N�. ÷v^�: |Tα| = |α|,∀α ∈ V. Á¯ T ´Ä

�½´ V þ���C�? `²nd.

32. �äe�Øä´Ä�(, ¿`²nd.

� A ,B � n �¢�5�m V þ�ü��5C�, , F A B = BA , q®� A ,B Ñ�3A�

�þ, K A ,B 7�3ú��A��þ.

33. (20 ©) ®�Ý
A =


1 2 −3

2 3 0

−2 −2 0

 , ¦��Ý
Q Úþn�Ý
T, ¦�A = QT.
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34. (15 ©) � A ´3 �¢é¡Ý
, � det(A) = 4, A��� 1, 1, λ, XJ


1

−1

0

 ,


1

0

−1

 � A A

��þ, ¦ A .

35. A (x1, x2, x3) =


2x1 + x2 + x3

x1 + 2x2 − x3
x3

 , ¦�5C� A 3�|IO��Äe�Ý
.

36. ¦jÝ
 P, ¦ P ∗AP �é�Ý
, Ù¥ A =


−1 i 0

−i 0 −i
0 i −1

 .

37. �Ý
 P ¡�j
, e PP ∗ = E,P ∗ � P ��Ý=�, ¦j
 P, ¦ P ∗AP �é�
, Ù¥

A =


0 0 3

0 0 4

−3 −4 0



38. (20 ©) (1)3 R2 ¥SÈ½Â�

〈x, y〉 = 4x1y1 + x2y2

Ù¥ x = (x1, x2) , y = (y1, y2)
′ ∈ R2. - S = {x : ‖x‖ = 1}, ‖‖ L«�þ��Ý, `² S ´�o/

G�ã/, ¿xÑúã.

(2) -

W =

{[
a b

c d

]
: 2a− b+ 3c+ d = 0, a, b, c, d ∈ R

}
y² W 'uÝ
�\{Úê¦¤� R þ��5�m, ¿¦Ñ W ��ê, �Ñ W ��|Ä.

39. �V ´¢ê�þ¤k n �é¡Ý
¤�¤��5�m, éu?¿ A,B ∈ V, ½Â (A,B) = tr(AB)

Ù¥ tr(AB) L«Ý
 AB �Ìé��þê�Ú.

(1) y² V �¤�î¼�m;

(2) ¦f�m S = {A| tr(A) = 0} ��êÚ�|Ä;

(3) ¦ S ���Ö��|ÄÚ�ê.

40. r3�ü �þ

γ1 =
1√
3

(1, 1, 1)

*¿�3 �î¼�m R3 �IO��Ä.

41. (15 ©) �V = R4 ´¢ê�R þÏ~�4 �î¼�m, ε1 =
(
1
2 ,

1
2 ,

1
2 ,

1
2

)
Úε2 =

(
1
2 ,
−1
2 ,

1
2 ,
−1
2

)
, ¦V

¥�þ ε3, ε4 ¦� ε1, ε2, ε3, ε4 � V ��|IO��Ä.
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42. 33 �¢�þ�m¥, ½Â x = (x1, x2, x3)
T � y = (y1, y2, y3) �SÈXe:

(x, y) = (x1, x2, x3)


1 1 1

1 2 1

1 1 4



y1

y2

y3


ù�½Â
��î¼�m, ¦ù�î¼�m¥��¹ e1 = (x1, x2, x3)

T 3S��|IO��Ä

{e1, e2, e3} .

43. �3 ��½é¡¢�
 A �A��� 0, 3, 3,  (1, 1, 1)T ´A��6 �A��þ, ¦ A .

44. n�î¼�m V = R3 �g����N� φ : V → V ¡�$Ä,XJ§´����C����²£

�Ü¤, =�3����C� A : V → V 9���þ v0 ∈ V ¦�é?¿ v ∈ V k

φ(v) = A v + v0

�Ñ��$Ä φ, ¦� φ(0) 6= 0 � φ5 = idv ( ùp 0 ∈ V �"�þ, φ5 �5 � φ �Ü¤, idv

� V �g��ü N�.)

45. ¦àg�5�§| {
2x1 + x2 − x3 + x4 − 3x5 = 0

x1 + x2 − x3 − x5 = 0

�)�m(�� R5 �f�m) ��|IO��Ä.

46. � α, β, γ �n�î¼�m V ��|IO��Ä, ¦ V �����C� A , ¦�{
A (α) = 2

3α+ 2
3β −

1
3γ

A (β) = 2
3α−

1
3β + 2

3γ

47. �α1 = (−1, 1), α2 = (−1,−1) �î¼�mR2 ��|Ä£Ï~¿ÂSÈe¤§¦ù|Ä�ÝþÝ
.

(2014c�H�Æ)

48. ^Gram-Schmidt��z�{òR3£IOSÈ¤�Ä{(1, 1, 1)T , (−1, 0,−1)T , (−1, 2, 3)T } z�IO�

�Ä. (2010c¥��)

49. �Ä2 × 2 ¢�
�NM2(R) §éu?��ü����
A,B §·�½Â< A,B >= tr(ABt) .ù

ptrL«,§tL«Ý
=�.

£1¤Áy²µ< −,− > ´M2(R) þ���SÈ.

£2¤3TSÈe§ÁO��þ|

{(
1 0

0 1

)
,

(
1 1

0 0

)
,

(
0 0

1 1

)
,

(
1 0

0 −1

)}
�Gram-SchmidtIO��z.

(2016c¥��)

50. �x = (1, 2, 2, 3), y = (3, 1, 5, 1) ,¦x�y�Y�. (2010c¥ì�Æ)
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51. �W = {(x, y, z) : x+ y − 2z = 0} ⊆ R3 ,¦W���Ö�m. (2010c¥ì�Æ)

52. �½4�IOî¼�mR4���Ä(e1, e2, e3, e4) ,±d���þ|�Ý
P�A,Ù¥e1 = (1, 1, 1, 0), e2 =

(1, 0, 1, 0), e3 = (−1, 0, 0, 1), e4 = (1,−1,−1, 1) .

(1)^��z�{¦R4 ���IO��Ä;

(2)¦��Ý
Q9Ìé���u"�þn�Ý
T¦�A = AT . (2014c¥ì�Æ)

o.y²K

1. �R�¢ê�, α1, α2, · · · , αs´n�î¼�mRn¥���5Ã'�þ|, Ù¥Rn¥�SÈ�IOS

È(α, β) = α · β′
, ùp��þαÚβÑw¤´1 × nÝ
, ^BL«(i, j)��(αi, αj), 1 ≤ i, j ≤ s

�s × s Ý
, é�þ|α1, α2, · · · , αs�1��A(Schmidt)��zL§����þ|β1, β2, · · · , βs,

y²: |B| =
s∏
i=1

‖βi‖2.Ù¥‖βi‖L«�þβi��Ý. (2009c�®�Æ)

2. �5C�A´é¡C�, �A´��C�, y²A´,�éÜ(=÷vA2 = E, E´ü C�). (2010c

�®�Æ)

3. V´SÈ�m, ξ, η´V¥ü��Ý����þ, y²7�3,���C�, òξC�η. (2010c�®�

Æ)

4. 3n�î¼�m¥, y²üüY��ð���þ�ê����n+ 1. (2012c�®�Æ)

5. 3î¼�mV¥, é¡C�¡�”��”, eé?¿α ∈ V , Ñk(α,A(α)) ≤ 0¤á��=�α = 0��

Ò¤á. y²:

(1)e�5C�A´��, KA�_.

(2)e�5C�B´���A−B�´��, KB−1 −A−1�´��.

(3)éu?¿���5C�A, o�3���5C�B, ÷vA+B2. (2014 c�®�Æ)

6. ^Euclidean�m�þ�Y��Ñn���Ý
���/ª, �Ñy². (2018c�®�Æ)

7. �η´î¼�m¥��ü �þ, ½ÂA (α) = α− 2(η, α)η. y²:

(1)A´��C�. ù����C�¡�º¡��;

(2)XJn�î¼�m¥��C�A±1��A��, �áuA��1�A�f�mV1��ê�n − 1,

KA�½´º¡��. (2014c�®ó��Æ)

8. �ϕ´î¼�mV��5C�, y²: ϕ´��C��¿©7�^�´éu?¿α ∈ V , |ϕ(α)| = |α|.

(2010c�®�Ï�Æ)

9. �A,B�Ó���Ý
, y²: e|A|+ |B| = 0, K|A+B| = 0. (2011c�®�Ï�Æ)
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10. �T´î¼�mV����5C�, XJé?¿�α, β ∈ VÑk(T (α), β) = (α, T (β)), K¡T�V��

��5C�. y²: î¼�mV����5C�T ´é¡C��¿©7�^�´T3V�?¿�|I

O��Äe�Ý
´é¡Ý
. (2012c�®�Ï�Æ)

11. y²: eλ0´���
A�A��, Kλ−10 �´A�A��. (2013c�®�Ï�Æ)

12. �V�î¼�m, P‖ ? ‖��þ��Ý, y²: é?¿�þα, β ∈ V , |(α, β)| ≤‖ α‖ · ‖β‖, �, ��=

�α, β �5�'�, �Òâ¤á. (2014c�®�Ï�Æ)

13. ��þ�mR2Uì,«(Ø�½´Ï~�)SÈ�ª�¤î¼�m, P�V 2. ®�V 2�ü|Ä�:

(I)α1 = (1, 1), α2 = (1,−1); (II)β1 = (0, 2), β2 = (6, 12).

�αiÚβi�SÈ�(α1, β1) = 1, (α1, β2) = 15, (α2, β1) = −1, (α2, β2) = 3.

(1)¦Ä(I)�ÝþÝ
A;

(2)¦Ä(II)�ÝþÝ
B;

(3)¦î¼�mV 2���IO��Ä. (2014c�®�Ï�Æ)

14. �V´n�î¼�m, σ´V���C�, V1 = {α|σ(α) = α, α ∈ V , V2 = {β|β = σ(γ)− γ, γ ∈ V . ¦y:

V2 = V ⊥1 . ¦¥V ⊥1 L«V1 ���Ö. (2017c�®�Ï�Æ)

15. ®�V´n�î¼�m, α ∈ V , A (ξ) = ξ = 2(ξ,α)
(α,α) . y²:

(1)A��5C�;

(2)A���C�;

(3)A 2 = ε(ε�ð�C�);

(4)3�|IO��Äe, AéA�Ý
�A = diag−1, 1, 1, · · · , 1. (2016 c�®�E�Æ)

16. ®�A´�½Ý
, �A2 = E, y²: E −A´ÛÉ�. (2017c�®�E�Æ)

17. V1, V2�î¼�mV�f�m, y²: dimV1 + dimV2 = dim(V1 + V2) + dim(V1 ∩ V2). (2013 c�®�

��Æ)

18. �¢ê�R¥¤k2�é¡
�¤�f�mV , 3V¥½ÂSÈ(A,B) = tr(AB).

(1)y²V'uSÈ(A,B) = tr(AB)´��î¼�m;

(2)¦V��|IO��Ä;

(3)3V¥¦�þA =

(
1 1

1 1

)
ÚB =

(
−1 0

0 −1

)
�Y�ϕ;

(4)�C =

(
1 0

0 0

)
, ¦f�mM = B ∈ V |(B,C) = 0��ê. (2011c�ënó�Æ)

19. �A´îAp��mVþ������5C�,y²: eW´A�ØCf�m,K��ÖW⊥�´A�

ØCf�m. (2012c�ënó�Æ)
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20. �σ, τ´n�î¼�mVþ��5C�, σ3V ��|IO��Äe�Ý
�A.�é∀α, β ∈ V k(σ(α), β) =

(α, τ(β)), y²: (1)τ3IO��Äe1, e2, · · · , ene�Ý
�A�=�Ý
A
′
;

(2)eU�σ�ØCf�m, KU⊥�τ�ØCf�m;

(3)eσ´�_��5C�, Kτ�´�_�. (2009c�H�Æ)

21. �A�n�¢Ý
, �|A| 6= 0, y²: A�©)¤���Ý
Q��þn�Ý
R�¦È, =A = QR.

(2015c�H�Æ)

22. �〈, 〉�î¼�mV¥�SÈ,éV¥?¿��ü �þ,½ÂVþ��5C�Aη(α) = α−2〈η, α〉η,y

²: (1)Aη´��C�;

(2)A 2
η = idV , ùpidVL«Vþ�ü C�;

(3)�α, β´V¥ü�ØÓ�ü �þ,ù�3V¥��dü �þηû½���C�Aη,¦�Aη(α) =

β. (2017 c�H�Æ)

23. �V´n ≥ 3�î¼�m, éuV¥z��"�þα, ½Â:

Aα : V → V ,

∀ξ ∈ V,Aα(ξ) = 2 (ξ,α)
α,α α− ξ.

y²: (1)Aα´��C�;

(2)Aα�A��´−1(n− 1)�1;

(3)eα1, α2, · · · , αn´V���Ä,KAα1 +Aα2 + · · ·+Aαn ´Vþ�ê¦C�. (2009c�H���Æ)

24. �V´��n�î¼�m, ε1, ε2, · · · , εn ´V �g,Ä,=εi = (0, · · · , 0, 1, 0, · · · , 0)
′
(1i�©þ�1,Ù

{©þ�0), �þξ = (1, 2, 3, · · · , n)
′
Úη = (1, 1, · · · , 1)

′
, �A ´��dη û½�º¡��, =

A (α) = α− 2(α,η)
(η,η) η,∀α ∈ V .

�ÑA3dÄε1, ε2, · · · , εne�Ý
, ¿¦Ñ�þξ3Ae��A (ξ). (2010c�H���Æ)

25. �V1´k��î¼�mV�f�m, V ⊥1 ´V1���Ö, =V = V1
⊕
V ⊥1 , ½ÂV�V1�Ý�C�AX

e:

∀x = x1 + x2 ∈ V, x1 ∈ V1, x2 ∈ V ⊥1 ,A (x) = x.

y²µ(1)A´Vþ��5C�;

(2)A´é¡C��A 2 = A . (2010c�H���Æ)

26. �V´��n�î¼�m, V1, V2Ñ´V�f�m, �
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dim(V1) = dim(V2).

y²: V2¥�3�"�þη, ¦�∀α ∈ V1k(α, η) = 0. (2011c�H���Æ)

27.

28. �V1´n�î¼�mVþ���f�m, V ⊥1 ´V1���Ö. (1)y²: V = V1
⊕
V ⊥1 ;

(2)�A´V�V1�ÝKC�, ∀α = α1 + α2 ∈ V, α1 ∈ V1,A (α) = α1. y²: A´Vþ�é¡C�

�A 2 = A . (2012c�H���Æ)

29. �A´�¢�
, y²: �3��Ý
S, T±9þn�Ý
P,Q, ¦�A = SP = QT . (2009cuÀ�

��Æ)

30. ®�W = R3´3�IO�î¼�m.

(1)�V´dW��þα, β, γ¤Ü¤�²18¡N�NÈ. y²: V =
√
|G(α, β, γ)|, Ù¥Ý


G(α, β, γ) =


(α, α) (α, β) (α, γ)

(β, α) (β, β) (β, γ)

(γ, α) (γ, β) (γ, γ)

;

(2)�ABCD´��éc�Ýþ���o¡N.b�o¡N�nééc�Ý©O�4, 5, 6,Á¦To¡

N�NÈ. (2009cuÀ���Æ)

31. �A´��¢Xê�
. (1)Þ~`²: XJA�1�þ|üü��, §���þ|�7üü��.

(2)y²: XJA�1�þ|´�Ý�����|, K§���þ|�´�Ý�����|. (2010c

uÀ���Æ)

32. �V = Rn´�kIOSÈ(α, β)�n�î¼�m, α´V¥?¿�½��"�þ. ½ÂV���C

�σαXe:

σα(β) = β − 2β,αα,αα, β ∈ V

. (1)y²: d��C�´��C�;

(2)y²: d��C��é�z;

(3)b�n = 2, α = (a, b), ¦σα3g,Äe1 = (1, 0), e2 = (0, 1)e�Ý
;

(4)b�n = 2,y²: V�z���C�þ��¤Ø�Lü���C��¦È. (2010cuÀ���Æ)

33. �(a, b)´îAp��mV�SÈ¼ê,éu?Û�½�γ ∈ V ,½ÂV�¼êfγ : α→ (α, γ),=fγ(α) =

(α, γ). y²:

(1)fγ´V��5¼ê;

(2)V��5¼êÑäkfγ�/ª. (2013cuÀ���Æ)
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34. y²: ?Û¢Xê�_Ý
A, �3��Ý
Q±9þn�Ý
R, ¦�A = QR, �XJ�¦T�Ìé

��þ���þ�u", Kd©)´���. é

A =


1 1 0

2 −1 5

−2 4 2


¦ù��©). (2013cuÀ���Æ)

35. �V´¢ê�þ�n�î¼�m, e1, · · · , en ´�|Ä, ÷vSÈ(ei, ej) ≤ 0(i 6= j). (1)y²: �3�

��"�þv ∈ V , ÷v(ei, v) ≥ 0, (i = 1, 2, · · · , n); !!(2)b�v = a1e1 + · · · + anen ∈ V´?Û÷

v(1)��þ, y²: ai ≥ 0, i = 1, 2, · · · , n; (3)�u = b1e1 + · · ·+ bnen ∈ V´,��÷v(1)��þ, ¿

½Âw = c1e1 + · · ·+ cnen ∈ V , Ù¥ci = min{ai, bi}, i = 1, 2, · · · , n, y²: �þw�÷v(1). (2014c

uÀ���Æ)

36. �V´�Nn�¢XêÝ
�¤���5�m, ½Â$�

A,B = Tr(ATB), A,B ∈ V .

(1)y²: (, )´SÈ, V´n2�î¼�m;

(2)�T ∈ V´�½Ý
, ½ÂN�φ(A) = TA,A ∈ V , y²: φ´Vþ��5N�;

(3)¦φ����f. (2016cuÀ���Æ)

37. 3î¼�m¥kn|�þ: α1, α2, · · · , αs; β1, β2, · · · , βs Úγ1, γ2, · · · , γs. XJα1, α2, · · · , αs´�5Ã

'�, β1, β2, · · · , βs Úγ1, γ2, · · · , γsÑ´üü���ü �þ, ¿�é��i, 1 ≤ i ≤ s, þk

L(α1, · · · , αi) = L(β1, · · · , βi) = L(γ1, · · · , γi).

y²: éz��i, kβi = ±γi. (2010cuHnó�Æ)

38. �A,BÑ´¢é¡Ý
,y²: ��=�AB = BA�,k��Ý
Q,¦Q−1AQ�Q−1BQÓ��é�

Ý
. (2010cuHnó�Æ)

39. �A´î¼�mV����5C�, �A 3IO��Äε1, ε2, ε3, ε4 e�Ý
�:

A =


2 1 1 −1

1 2 −1 1

1 −1 2 1

−1 1 1 2


(1)y²: J (ð�C�), A , A 2 �5�';

(2)¦V��|IO��Ä, ¦A3TÄe�Ý
�é�Ý
. (2012cuHnó�Æ)
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40. �V = Rn[x],ef(x) =
n∑
i=0

aix
i, g(x) =

n∑
i=0

bix
i ∈ V ,5½SÈ(f(x), g(x)) =

n∑
i=0

aibi,KV�î¼�m,

-W = {f(x) ∈ V |f(1) = 0}. (1)y²W�V�f�m, û½Ù�ê¿ÞÑ§��|IO��Ä;

(2)ÞÑW⊥��|IO��Ä. (2016cuHnó�Æ)

41. �A,Bþ�n���Ý
, ÷v|A|+ |B| = 0. y²: |A+B| = 0. (2016cuHnó�Æ)

42. �A´n�î¼�mV��5C�. y²: é∀α ∈ VÑk

(A (α), α) ≥ 0

�¿©7�^�´A�A���´�Kê. (2017cuHnóÆ)

43. � A ´î¼�m E S����5C�, é?¿��þ α, β Ñk

〈A α, β〉 = 〈α,A β〉.

(1)y² A �A��Ñ´¢ê.

(2)´Ä�±é��m�Ä§¦� A éA�Ý
´é�Ý
ºy²\�(Ø.

(3)� E = R3 ,±9§���IO��Ä {e1, e2, e3} . ®� A (e1) = A (e2) = A (e3) = e1+e2+e3,

¦ R3 �,��IO��Ä§¦� A éA�Ý
´é�Ý
.(2009cu¥�E�Æ)

44. � V ´ n �î¼�m, α1, α2, · · · , αn ´ V ��|Ä,y²: éu?¿�|¢ê b1, b2, · · · , bn ,

ðk���þ α ∈ V , ¦�

(α, αi) = bi, i = 1, 2, · · · , n.

45. � V � n �î¼�m, �|IO��Ä� α1, α2, · · · , αn , y²: é?¿ r, �3�m

w1, w2, · · · , wγ , ¦�¤k� αi /∈ w1 ∪ w2 ∪ . . . wγ .(2017cu¥�E�Æ)

46. (1) �Qãj�m�½Â.

(2) � V ´�� n �E�þ�m, (ε1, ε2, · · · , εn) ´ V �?¿�|Ä. y²: �½�±3 V þ½

Â��D��ASÈ 〈∗, ∗〉 , ¦� V ¤���j�m� (ε1, ε2, · · · , εn) ´ V ��|IO��Ä.

(2014cu¥�E�Æ)

47. � Rn L«¤k n �¢�¯þ�¤�¢�þ�m, A ´��¢�½Ý
.

(1) y²: d (X,Y ) = XTAY, ùp X,Y ∈ Rn � XT L« X �=�. ½Â
 Rn þ����½

�, é¡�V�5."l¦� Rn ¤���î¼�m.

(2) ¦þãî¼�m Rn ��|IO��Ä.(2016cu¥�E�Æ)
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48. - R2 L«¢ê� R þ�gêØ�L2 g�õ�ª�¤�¢�þ�m.

(1) y²: é?¿� p(x), q(x) ∈ R2 ,

〈p(x), q(x)〉 =

∫ 1

−1
p(x)q(x)dx

´ R2 þ���SÈ.

(2) ò R2 �Ä.
{

1√
2
,
√
3√
2
x, x2

}
IO��z, ¦ÑIO��Ä.

49. � A ´ n ?��Ý
, ÙA��þ�¢ê.y²: A ´é¡Ý
.

50. � A,B ´����¢é¡Ý
. y²: �3��Ý
 T ¦� T−1AT, T−1BT Ñ´é�Ý
.

51. � A ´ n ?¢Ý
. y²: �3 n ?��Ý
 T1 Ú T2 ¦�

T1AT2 =


γ1 0 · · · 0

0 γ2 · · · 0
...

...
...

0 0 · · · γn


Ù¥ γ21 , γ

2
2 , · · · , γ2n ´ ATA �A��.

52. � A ´ n ?¢Ý
. y²: A ���qu��þn�Ý
�¿©7�^�´ A �A�õ�ª3E

ê�¥��Ñ´¢ê.

53. � σ � n �îAp��m V þ���é¡C�§σ �A�õ�ª�

f(x) = (x− λ1)
r1 (x− λ2)

r2 · · · (x− λm)
rm ,

Ù¥ λ1, λ2, · · · , λm p.Ø�Ó, ri > 1, i = 1, 2, · · · ,m. y²: é i = 1, 2, · · · ,m

Ker (σ − λiε) = Ker (σ − λiε)ri

Ù¥ ε L« V þ�ð�C�.

54. � σ ´ n �î¼�m V þ����5C�. y²e�^��d:

(1) σ ´��C�;

(2) σ �±�þ��ÝØC, =éu?¿ α ∈ V, |σ(α)| = |α| .

55. � A � n ?�½Ý
, B � n ?¢é¡Ý
. y²: �3¢�_Ý
 P ¦� P ′AP = En, P
′BP

é�Ý
.

56. 3.5em 14.£15 ©¤®� A,B ´ n ?E�
, � AB = BA, y²�3�_Ý
 P ¦� P−1AP �

P−1BP Ó��þn�Ý
.

57. y²: é?¿ n �¢é¡Ý
 A, �3��Ý� T, ¦� T ′AT = T−1AT �é�Ý
.
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58. n �î¼�m�ü|Ä e1, e2, · · · , en Ú f1, f2, · · · , fn ¡�éóÄ, XJ

(ei, fj) =

{
1, i = j,

0, i 6= j.

(1) y²: é V �?�|Ä e1, e2, · · · , en, ÙéóÄ�3¿���(½.

(2) � e1 = (1, 0, 0), e2 = (1, 1, 0), e3 = (1, 1, 1) � R3 ��|Ä, Á¦ e1, e2, e3 �éóÄ.

59. � α, β � n �î¼�m Rn ¥�ü��"��þ.K αTβ > 0 �¿©7�^�´�3�½Ý
 A

¦� β = Aα .

60. ®� A,B ´ü�1�ª�1 ��?���
, ¦y AB = BA .

61. � A ´ n ?��Ý
� |A| = 1 ,

f(x) = a0x
n + a1x

n−1 + · · ·+ an−1x+ an

´ A �A�õ�ª. y²:

1. � n �óê�, é?¿� 0 6 i 6 n, k ai = an−i .

2. � n �Ûê�, é?¿� 0 6 i 6 n, k ai = −an−i .

3. � n = 2 �, �3��Ý
 B ¦� A = B2 .

62. � A Ú C Ñ´ n ?�½Ý
, ¿� B ´Ý
�§ AX +XA = C ���). y²: B ´�½Ý


.

63. � AÚ B´ n?¢Ý
,¿�. AB Ú BA Ñ´é¡Ý
,y²: �3��Ý
 T, ¦� T−1ABT =

BA .

64. �©¬¢é¡Ý
 A =


α β′ 0

β A1 γ

0 γ′ b

 , Ù¥ a, b ∈ R, β, γ ∈ Rn, A1 ∈ Rn×n, y²: A �½�¿�^

�´ a > 0, b > 0 �Ý
 A1 − 1
aββ

′ − 1
bγγ

′ �½.

65. � A ´î¼�m V �����C�§λ Ú µ ´ A �ü�ØÓA��§� A �áu λ �A�

�þ� α, áu µ �A��þ� β. y²: α � β ´���.

66. y²: 3 n �î¼�m¥, �õk n+ 1 ��þ¦�Ù¥?¿ü��þ�m�Y�þ�u 90◦ .

67. � A´ n?¢é¡Ý
¿�TÐk r �ØÓ�A�� λ1, λ2, · · · , λr. y²�3Ý
 A1, A2, · · · , Ar

÷v^�:

(1) A1 +A2 + · · ·+Ar = En ;

(2) A2
i = Ai, i = 1, 2, · · · , r ;

(3) AiAj = 0, i 6= j ;

(4)A = λ1A1 + λ2A2 + · · ·+ λrAr .
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68. � A � n ?�_¢Ý
. y²: �3 n ?��Ý
 P Ú Q, ¦� P ′AQ =


λ1

λ2
. . .

λn

 .Ù

¥ λi > 0, � λ2i � A′A �A�� (i = 1, 2, · · · , n) .

69. � A ��é¡¢Ý
, λ ´ A ����"A��, α+ iβ � A �áu λ �EA��þ,Ù¥ α

Ú β þ�¢�þ, y²:

(1) λ �XJê;

(2) α Ú β ��Ý���p���.

70. � A � n ?¢é¡Ý
, P§�A��� λ1 6 λ2 6 · · · 6 λn. � A �áu λ1 ���A��þ�

µ1. y²:

min
x6=0
x⊥µ1

x′Ax

x′x
= λ2.

71. � η ´ n �î¼�m V ���ü �þ, ½ÂC� A � A α = α− 2(α, η)η. y²:

(1) A ´é¡C�;

(2) A ´��C�.

72. � A � n ���Ý
, � −1 Ø´ A �A��. y²: B = (A− En) (A+ En)
−1 ´�é¡Ý


� A = (B − En) (B + En)
−1

.

73. T �î¼�m V þ��5C�, ∀x, y ∈ V ÷v (Tx, y) = (x, Ty) ½ (Tx, y) = −(x, Ty). y²:

T �é¡C�½�é¡C�.

74. � α ∈ Rn×1 þ�IOÝþe α �ü �þ. y²: 7�3�� n �¢é¡��Ý
 A ¦� α

� A �1��.

75. (15 ©) �A, B �n �¢��Ý
, �|A+B| = |A| − |B|. y²: |A| = |B| .

76. � A � n ��
, ®� A �A����¢ê, � AA′ = A′A. y²: A 7�é¡Ý
.

77. � A �¢é¡�½Ý
, y²: A ¥�����ö7 u A �é��þ.

78. � A � n �î¼�m V þ�é¡C�, y²é V ¥?¿�ü �þ x, Ñk |Ax|2 ≤
∣∣A2x

∣∣ .

79. � α ´ Rn ¥IOÝþe�ü �þ, = |α| = 1, y²7�3�� n ?¢é¡��Ý
 A ¦�

A �1��� α .

80. A,B � n ?¢é¡Ý
, � A ´�½�, y²: �3 n ?�_Ý
 P ¦� P ′AP,P ′BP Ó��

é�
.
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81. � V ´ n �î¼�m, e1, e2, · · · , en ´ V ��|Ä, ¦y e1, e2, · · · , en �ÝþÝ
 A ´�½Ý


.

82. � A ´ n �¢é¡Ý
, , � A2 = E, Áy²: �3��Ý
 T, ¦�

T−1AT =

(
Er 0

0 −En−r

)

83. � V ´ n �î¼�m, A ´ V þé¡C�, ¦y: �3IO��Ä ε1, ε2, · · · , εn, ¦� A 3d

|Äe�Ý
�é�Ý
.

84. � A ´ n �¢é¡Ý
, ¦y�3��Ý
 P, ¦� P−1AP �é�Ý
.

85. � A ´ n �î¼�m¥���C�§V1 ´ V � A− ØCf�m. y²: V1 ���Ö�´ V

� A− ØCf�m.

86. y: ?¿��Ý
Ñ�±L«�ü�¢é¡Ý
�¦È.

87. � A �Euclid �m V þ��5C�, = A A ∗ = A ∗A , U ´ A− ØCf�m, y² U �´

A ∗− ØCf�m, Ïd A 3U þ���E´�5C�.

88. n �î¼�m�ü|Ä e1, e2, · · · , en Ú f1, f2, · · · , fn ¡�éóÄ, XJ

(ei, fj) =

{
1, i = j

0, i 6= j

(1) y²: é V �?�|Ä e1, e2, · · · , en, ÙéóÄ�3¿���(½.

(2) � e1 = (1, 0, 0), e2 = (1, 1, 0), e3 = (1, 1, 1) � R3 ��|Ä, Á¦ e1, e2, e3 �éóÄ.

89. � V ´ n �î¼�m, V1, V2 ´ V �f�m, � dimV1 < dimV2. y²: V2 �3���"�þ,

§� V1 ¥?���þ��.

90. éu?�¢�_Ý
 A , Ñ�3��Ý
 Q1, Q2, ¦�

Q1AQ2 =


λ1

. . .

λn


Ù¥ λn ≥ λn−1 ≥ · · · ≥ λ1 > 0, � λ21, · · · , λ2n Ñ´ A′A �A��.

91. P X = Rn �¢ê� R þ n �IOî¼�m, A �¢ê� R þ��� n ��
,

V =
{
ξ|ξ ∈ X,AT ξ = 0

}
W = {Aξ|ξ ∈ X}

Ù¥ AT L«Ý
 A �=�Ý
, y²: X = V ⊕W .
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92. � A ´1�ª�-1 ���Ý
, y²: -1 ´ A ���A��.

93. (15 ©) �T �2 �¢��
, �Ø´ü 
. y²: det(T ) = −1 ��=��32 �¢�þv 6= 0

¦�

Tv = v.

94. �4 �î¼�m R4 X

V = {(a, b,−a,−b)|a, b ∈ R}

y² V ´���5f�m, ¦Ñ V ��|IO��Ä, ¿¦ V 3 R4 ¥���Ö�m.

95. �V´n�î¼�m§ÙSÈ�(, ) .��þ|α1, α2, · · · , αm ∈ V ÷vXe�^�µXJ�K¢êλ1, λ2, · · · , λm

¦�λ1α1 + · · · + λmαm = 0 §@o7kλ1 = · · · = λm = 0 .y²µ7,�3�þα ∈ V ¦

�(α, αi) > 0, i = 1, · · · ,m .(2010coA�Æ)

96. �V´n�î¼�m§SÈ�(, ) .

£1¤�α1, α2, · · · , αs ´V¥����5Ã'��þ|.y²Xe�Schmidt��z½nµ�3V¥��

�üü����þ|β1, β2, · · · , βs ÷vµé?¿1 ≤ k ≤ s k§α1, α2, · · · , αk �β1, β2, · · · , βk �d.

£2¤�V¥�?¿���þ|γ1, γ2, · · · , γt §y²µγ1, γ2, · · · , γt �5Ã'�¿©7�^�´

Ý



(γ1, γ1) · · · (γ1, γt)

...
...

(γt, γ1) · · · (γt, γt)

 ´�½Ý
.(2011coA�Æ)

97. �

A =


7 −2 0

−2 6 −2

0 −2 5

 .

3¢�þ�mR3 þ½Â��¼ê(, ) �µ(X,Y ) = X ′AY,X, Y ∈ R3 .y²µ(, ) ´R3 þ���SÈ§

¿�ÑR3 ���'uù�SÈ��|IO��Ä. (2015coA�Æ)

98. �V´n�î¼�m.

£1¤�A,B ´Vþ�é¡C�§÷vAB = BA .y²µ�3V��|Ä§¦�A,B 3ù�Äe�Ý


Ñ´é�
.

£2¤y²µVþ�?¿��C�J �?¿A��λ Ñ÷v|λ| = 1 .

£3¤́ Ä�3Vþ���C�J1,J2 ¦�J1 + J2 ´Vþ���C�º̀ ²nd. (2016coA�Æ)

99. �A´n�¢é¡Ý
§y²µA´�½���=�A´,�î¼�m�SÈ�Ýþ
. (2019coA

�Æ)
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100. �V´î¼�m§ÙSÈ�(−,−) §�α1, α2, · · · , αn ´V��|Ä.

£1¤y²µ�3V�����|Äβ1, β2, · · · , βn¦�(αi, βj) = δij , 1 ≤ i, j ≤ n§Ù¥δii = 1(1 ≤ i ≤ n)

�δij = 0(1 ≤ i 6= j ≤ n) .

£2¤®�(αi, αj) ≤ 0, 1 ≤ i 6= j ≤ n .�α =
n∑
i=1

kiαi ∈ V ÷v(α, αi) ≥ 0, 1 ≤ i ≤ n .y²µki ≥ 0, 1 ≤

i ≤ n .(2019coA�Æ)

101. �3n�î¼�mV§�þα, β �SÈP�(α, β) ¶T�V��5C�§éuα, β ∈ V µ½Â��¼

êf(α, β) = (T (α), T (β)) .¯f(α, β) ´Ä�V�SÈº��ãnd. (2011cÉÇ�Æ)

102. �W´n�î¼�mV�f�m§α ∈ V .½Âα �W�ål

d(α,W ) = (α− α′),

Ù¥α′ �α 3f�mWþ���ÝK.y²µeα1, α2, · · · , αm �W���Ä§K

d(α,W ) =

√
|G(α1, α2, · · · , αm, α)|
|G(α1, α2, · · · , αm)|

,

Ù¥|G(α1, α2, · · · , αm)| ��þ|α1, α2, · · · , αm �GramÝ
. (2013cÉÇ�Æ)

103. �ϕ ´î¼�mVþ���C�§�ϕm = ε,m > 1 §PW = {x ∈ V |ϕ(x) = x},W⊥ϕ �Ù��Ö§é

?¿�α ∈ V §ekα = β + γ §Ù¥β ∈Wϕ, γ ∈W⊥ϕ §y²µ

β =
1

m

m∑
i=1

ϕi−1(α).

(2014cÉÇ�Æ)

104. �α1, α2, · · · , αn �n�î¼�mV��|Ä§y²µù|Ä´IO��Ä�¿�^�´µéV ¥?¿

�þα Ñk

α = (α, α1)α1 + (α, α2)α2 + · · ·+ (α, αn)αn.

(2010c���Æ)

105. y²µn�î¼�mV�z�f�mV1 Ñk�����Ö. (2011c���Æ)

106. -A �n�î¼�mVþ��5C�§XJéu?¿α, β ∈ V Ñk

(Aα, β) = (α,Aβ),

K¡A �é¡C�.y²µ

£1¤A �é¡C���=�A 3V��|IOÄe�Ý
´é¡Ý
.

£2¤XJV1 ´A− f�m§K��ÖV ⊥1 �´A− f�m. (2016c���Æ)
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107. -α1, α2, · · · , αn �î¼�mR2 ���þ§½Ân�Ý
G = (gij) §Ù¥gij = (αi, αj) �αi �αj �

SÈ.y²µ

£1¤G��½Ý
��=�α1, α2, · · · , αn �5Ã'.

£2¤-X = (α1, α2, · · · , αn) §K�3�½Ý
A¦�G = X ′AX .(2017c���Æ)

108. �V´n�î¼�m§0 6= α ∈ V, V1 = {x ∈ V |(x, α) = 0 .

£1¤y²µV1 ´V�f�m;

£2¤¦V1 ��êdimV1 .(2013c�H�Æ)

109. �V´n�î¼�m§α ∈ V, α �"§α⊥ = {β|(β, α) = 0, β ∈ V } §y²µα⊥ ´V�f�m§¿¦α⊥

��ê. (2017c�H�Æ)

110. �α1, · · · , αk ´î¼�mV¥��|üü���ü �þ§α´V¥?¿���þ.y²BesselØ�ªµ

k∑
i=1

(α, αi)
2 ≤ |α|2.

¿y²�þβ = α−
∑k
i=1(α, αi)αi �z��þαj Ñ��. (2010cúô�Æ)

111. �B ´¢ê�þn�Ý
§A = BTB §é?¿���u0�~êa§y²(α, β) = αT (A + aE)β ½Â


Rn ���SÈ¦�Rn ¤�î¼�m.Ù¥αT L«��þα �=�§E´n�ü Ý
. (2011cú

ô�Æ)

112. �φ ´n�î¼�m���C�§y²φ �õ�±L«�n+ 1 �º¡���EÜ. (2012cúô�Æ)

113. ½Âψ �[0, 1] �n��
�N|¤�î¼�m�ëYN�§¦�ψ(0) �1�a��Ý
§ψ(1) �1

�a��Ý
.y²µ�3T0 ∈ (0, 1) §¦�ψ(T0) òz. (2014cúô�Æ)

114. -T ´î¼�mV��5C�§T∗ ´T ����5C�§=é?¿�v, w ∈ V k< T(v), w >=<

v,T∗(w) > .

£1¤�V�k��î¼�m§T 3�|ü ��Äe�Ý
�A�§¦T∗ 3TÄe�Ý
.

£2¤y²µ(Im(T∗))⊥ = ker(T) .(2016cúô�Æ)

115. �V´n�î¼�m§(, ) �ÙSÈ§V ∗ �Ùéó�m.y²µ

£1¤éuz��½�α ∈ V §N�fα : V → R, β 7→ (α, β) ´V ∗ ¥�����.

£2¤N�f : V → V ∗, α 7→ fα ´n��5�mV�V ∗ �Ó�N�. (2010c¥��)

116. �α1, · · · , αn ´î¼�mV�?¿n��þn ≥ 1, G =


(α1, α1) (α1, α2) · · · (α1, αn)

(α2, α1) (α2, α2) · · · (α2, αn)
... ,
... ,

...

(αn, α1) (αn, α2) · · · (αn, αn)

 §
Ù¥αi, αj) ´V�SÈ.

¦yµG�½�¿�^�´α1, · · · , αn �5Ã'. (2011c¥��)
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117. �R2×2 þ��5C�A(X) = AX −XA §Ù¥A =

(
1 1

1 2

)
.

£1¤¦yµf(X,Y ) = tr(XTAY ) ´R2×2 þ�SÈ;

£2¤¦ImA 3f e��|IO��Ä. (2012c¥��)

118. ®�î¼�mVþ��"�5C�A �±�þ�Y�ØC.¦yµ�3¢êλ ¦�λA ´��C�.

(2014c¥��)

119. �u´î¼�mR5 ¥�ü �þ,½ÂTu(x) = x− 2(x, u)x .y�α, β ´R5 ¥�5Ã'�ü�ü �

þ,¯�α, β ÷v�o^��,�3��êk¦�(TαTβ)k �ü N�. (2014cI��)

120. �Rn[x] ´gê�un�õ�ª�m,y²
∫ 1

0
f(x)g(x)dx �Rn[x] þ�SÈ,ÏRn[x] ´î¼�m.

(2019cI��)

121. �ε1, ε2, ε3, ε4 ´î¼�mV���IO��Ä,A ´V��5C�,�

A(ε1) = ε1 + ε2 − ε4,

A(ε2) = ε1 + ε2 − ε3,

A(ε3) = −ε2 + ε3 + ε4,

A(ε4) = −ε1 + ε3 + ε4.

(1)y²A ´��é¡C�.

(2)¦V���IO��Ä,¦�A 3TÄe�Ý
�é�
. (2010c¥H�Æ)

122. �V´¤kn�¢é¡Ý
�¤��5�m.∀A,B ∈ V ,½Â(A,B) = tr(AB′) ,Ù¥tr(AB′) L«Ý


AB′ �,.

(1)y²V'u(A,B) �¤��î¼�m.

(2)¦V��ê.

(3)¦S = {A ∈ V |tr(A) = 0} ���Ö��ê.

(4)y²f(A,B) = (A,B) ´Vþ�V�5¼ê. (2012c¥H�Æ)

123. �M´n�î¼�mV���f�m,(·, ·)´V�SÈ. ,P|α| =
√

(α, α) .y²:∀β ∈ V ,�3��γ0 ∈M

,¦�

|β − γ0| = min
γ∈M

|β − γ|.

(2013c¥H�Æ)

124. �α1, α2, · · · , αm�β1, β2, · · · , βm´n�î¼�mV¥ü|�þ,(·, ·)´V�SÈ.y²:�3��C�A

,¦�Aαi = βi, i = 1, 2, · · · ,m ¤á�¿�^�´

(αi, αj) = (βi, βj), i, j = 1, 2, · · · ,m.

(2014c¥H�Æ)
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125. �V´n�î¼�m,η1, η2, · · · , ηn ´V��|IO��Ä,(·, ·) ´V�SÈ.éu�½��"¢êkÚ�

"�þξ ∈ V ,½ÂVþ��5C�A �

A(α) = α+ k(α, ξ)ξ(∀α ∈ V ).

(1)¦A 3Äη1, η2, · · · , ηn e�Ý
A.

(2)¦A�1�ª.

(3)y²:A ´��C��¿�^�´k = − 2

(ξ, ξ)
.(2016c¥H�Æ)

126. �A ´n�î¼�mV����5C�,�∀α, β ∈ V, (A(α), β) = (α,A(β)) .y²:

[Im(A)]⊥ = ker(A).

(2018c¥H�Æ)

127. �σ ´n�î¼�mV�����C�,�÷v^�:σ2 + idV = 0 .y²:é?¿x ∈ V ,k|x| = |σ(x)| =

|σ∗(x)| .(σ∗L«σ���C�,|x|L«x��Ý) (2010c¥ì�Æ)

128. �σ ´n�î¼�mV����5C�,�÷v^�:σ2 = idV .y²:σ Q´é¡C�,�´��C�.

(2012c¥ì�Æ)

129. �σ �n�î¼�mVþ�ÝKC�,=σ2 = σ .y²:e∀α ∈ V, |σ(α)| ≤ |α| ,Kkerσ ⊥ Imσ .(2016c

¥ì�Æ)

130. PV = Mn(R), U = {A ∈ V |AT = A},W = {B ∈ V |BT = −B} .3Vþ½Â��¼êf : V × V →

R, f(A,B) = tr(ABT ),∀A,B ∈ V .

(1)y²:(V, f) ´î¼�m;

(2)y²:U ⊥W,V = U ⊕W ;

(3)�A ∈ V ,Á¦B ∈ U ¦�A�B�ål�á,=∀D ∈ U ,kd(A,B) ≤ d(A,D) .(2016c¥ì�Æ)

131. �V���n�î¼�m,σ �Vþ����5C�.ekü �þη ¦�σ(α) = α− 2(η, α)η ,K¡σ �

º¡��.ùp(η, α) L«η �α �SÈ.

(1)eσ ´º¡��,y²:Vk��©)V = ker(idV + σ) ⊕ ker(idV − σ) .ùpidV L«Vþ�ð�C

�.éu�5C�σ, ker(σ) L«σ �Ø�m.

(2)eα, β �Vþü��5Ã'�ü �þ,¦��º¡��τ ¦�τ(α) = β .(2017c¥ì�Æ)
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