
f��Æ5p��ê(II)6�§Áò
êÆ,ÚOÆ��X 2021c?�;�

Ì���µÚV�ù_�¦ Áòa.µAò �ÁFÏµ22.6.13

�!W�K: (18©. zK3©,�6K)

1 .�N�(−,−) : Rn×Rn→ RXe: (X ,Y ) = XTATAY ,K(−,−)´��SÈ�¿©7
�^�´detA÷v . 6= 0

2 .�W´n�î¼�mV�n− 1�f�m, ϕ´V��5C�.ek�"�þα ∈ V , ÷

vα⊥W�ϕ(α)⊥W ,Kα (ÀW/7´0,/�70)´ϕ���A��þ. 7

´

3 .�V´n�î¼�m, ϕ´V�é¡C�, α ∈V�|α|= 1,K(ϕ(α),ϕ(α))2�(ϕ2(α),ϕ2(α))

���'X´ . ≤

4 . �A´5�¢é¡Ý
. er(A) = 4, ��3�êa, ¦�A2 + aA = 0, KA3Cþ�
5�/´ , 3Rþ�5�/´ , Rþ����qIO/´ .(

E4

0

)
;

(
−E4

0

)
;

(
−aE4

0

)

5 .� f (x1,x2,x3) = x2
1 + x2

2 +5x2
3 +2ax1x2−2x1x3 +4x2x3´�½�g.,Ka�����

´ . −4
5 < a < 0

6 . n����é¡�¢Ý
�NUÜÓ©a,�±©¤ a. n+1

�!ÀJK: (18©. zK3©,�6K)

1 .�V´k��î¼�m,Ke�'uLÞÝ
�Qã¥�Ø�´ . B

(A) V�ØÓÄ�LÞÝ
´�_Ý


(B) V�ØÓÄ�LÞÝ
´��Ý


(C) V�ØÓIO��Ä�LÞÝ
´�_Ý


(D) V�ØÓIO��Ä�LÞÝ
´��Ý
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2 .�V1, V2´n�î¼�mV�f�m,Ke�Qã¥�(�k �. B

(1)eV1 ⊆V2,KV⊥2 ⊆V⊥1 (2)eV1∩V2 = 0,KV⊥1 ∩V⊥2 = 0

(3)eV =V1⊕V2,KV2 =V⊥1 (4)eV =V1⊕V2,KV =V⊥1 ⊕V⊥2
(A) 1 (B) 2 (C) 3 (D) 4

3 .�ϕ´n�î¼�mV�é¡C�,� ,Kϕ´º¡��. C

(A) ϕ��Ý (B) ϕ�4�õ�ª´(λ +1)(λ −1)

(C) ϕ�A�õ�ª´(λ +1)(λ −1)n−1 (D) ϕ�áuA��−1�AÛ­ê´1

4 .®�¢�g. f (x1,x2,x3) = a(x2
1 + x2

2 + x2
3)+ 4x1x2 + 4x1x3 + 4x2x3²���5O�

z�IO/ f (x1,x2,x3) = 6y2
1,Ka = . B

(A) 0 (B) 2 (C) 4 (D) 6

5 .e�¢Ý
¥, �


1 1 0

1 1 0

0 0 2

ÜÓ. B

(A)


1 1 1

1 1 1

1 1 −1

 (B)


2 0 2

0 1 0

2 0 2

 (C)


2 1 0

0 3 1

0 0 0

 (D)


1 −1 2

−1 1 2

2 2 1


6 .�A�n�¢é¡Ý
,K Ø´A�K½�¿©7�^�. B

(A) AÜÓu−En (B) A�¤k^SÌfª��u0

(C) A�¤kA����u0 (D)é?¿�"n�¢�þX§XTAX < 0

n!(12©) �ξ1,ξ2,ξ3´î¼�mV���IO��Ä, α1 = ξ1 + ξ2− ξ3, α2 = ξ1− ξ2− ξ3,

α = ξ2 +2ξ3,PW = 〈α1,α2〉.

(1)¦W���IO��Ä;

(2)¦W⊥���IO��Ä;

(3)¦α3W���K9α�W�ål (=¦β�|γ|,Ù¥α = β + γ , β ∈W , γ ∈W⊥).

) ({�) (1) dK, ξ1,ξ2,ξ3´î¼�mV���IO��Ä, �Äα1 = (ξ1,ξ2,ξ3)X1,

α2 = (ξ1,ξ2,ξ3)X2, Ù¥X1 = (1,1,−1)T, X2 = (1,−1,−1)T. Ï�W = 〈α1,α2〉, éX1,X2?

12�,�9�
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1Schmidt��z,k

Y1 = X1 = (1,1,−1)T, Y2 = X2−
(X2,Y1)

(Y1,Y1)
Y1 = (

2
3
,−4

3
,−2

3
)T.

2òY1,Y2ü z,��

Z1 =
1
|Y1|

Y1 =
1√
3
(1,1,−1)T, Z2 =

1
|Y2|

Y2 =
1√
6
(1,−2,−1)T.

¤±, W���IO��Ä�

β1 = (ξ1,ξ2,ξ3)Z1 =
1√
3

ξ1 +
1√
3

ξ2−
1√
3

ξ3, β2 = (ξ1,ξ2,ξ3)Z2 =
1√
6

ξ1−
2√
6

ξ2−
1√
6

ξ3.

(2) Ï�V =W ⊕W⊥, dimW = 2,¤±dimW⊥ = dimV −dimW = 3−2 = 1. �W⊥���

IO��Ä�η ′ = (ξ1,ξ2,ξ3)X . u´�â��5,k�5�§|(
1 1 −1

1 −2 −1

)
X = 0,

)�ÙÄ:)X�X = k(1,0,1)T, k∈R.òY =(1,0,1)Tü z,��Z = 1
|Y |Y = 1√

2
(1,0,1)T.

¤±, η = (ξ1,ξ2,ξ3)Z = 1√
2
ξ1 +

1√
2
ξ3´W⊥���IO��Ä.

(3) d(1), β1,β2´W���IO��Ä.Ï�α = (ξ1,ξ2,ξ3)(0,1,2)T,-U = (0,1,2)T,O

�ÝK (U,Z1)
(Z1,Z1)

Z1 =−1
3(1,1,−1)T,¤±α3β1��þ�ÝK�β ′1 =−

1
3ξ1− 1

3ξ2 +
1
3ξ3;O�

ÝK (U,Z1)
(Z1,Z1)

Z1 =−2
3(1,−2,−1)T,¤±α3β2��þ�ÝK�β ′2 =−

2
3ξ1 +

4
3ξ2 +

2
3ξ3. Ïd,

α3W��ÝK�β = β ′1 +β ′2 =−ξ1 +ξ2 +ξ3.

Ón,d(2), η´W⊥���IO��Ä.��O�ÝK (U,Z)
(Z,Z)Z =(1,0,1)T,kα3η��þ�

ÝK�γ = ξ1 +ξ3,�´α3W⊥��ÝK.Ïd, α�W�ål�|γ|=
√

2. (ùpα = β + γ ,

β ∈W , γ ∈W⊥.)

({�) (1) dK, ·�kdimW = dim〈α1,α2〉 = 2. 
α1 + α2 = 2ξ1 − 2ξ3 ∈ W , α1 −
α2 = 2ξ2 ∈W . u´, (α1 +α2,α1−α2) = 0, 2òα1 +α2, α1−α2ü z, �� 1√

2
(ξ1−

ξ3),ξ2�W���IO��Ä.

(2) Ï�(ξ1 + ξ3,α1 +α2) = 0, (ξ1 + ξ3,α1−α2) = 0, �Ä�V = W ⊕W⊥, dimW⊥ =

dimV − dimW = 3− 2 = 1, ¤±ξ1 + ξ3 ∈W⊥, ��òÙü z, �� 1√
2
(ξ1 + ξ3)�W⊥�

��IO��Ä.

(3) dK, α = ξ2 +2ξ3 = ξ2− (ξ1−ξ3)+(ξ1 +ξ3),Ù¥ξ2− (ξ1−ξ3) = β ∈W , ξ1 +ξ3 =

γ ∈W⊥. Ïd, α3W��ÝK�β =−ξ1 +ξ2 +ξ3,�W�ål�|γ|=
√

2.

5 1(3)�¯, 3¦�α3W��ÝKβ�, Ï�α = ξ2 + 2ξ3®�, ¤±��±|^γ =

α−β5¦α3W⊥��ÝKγ ,?
¦�|γ|. (½ök¦α3W⊥��ÝKγ ,2^β = α−γ5

¦α3W��ÝKβ ;Ï�dimW⊥ = 1,ù�O�¬�{ü.)

13�,�9�
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~��Ø ò^�IO�¦��Z1,Z2��W���IO��Ä. Iòξ1,ξ2,ξ3 �\,

=β1 = (ξ1,ξ2,ξ3)Z1,β2 = (ξ1,ξ2,ξ3)Z2�W���IO��Ä.

o!(12©)�¢�g. f (x1,x2,x3) = ax1x2 + x1x3 + x2x3���2.

(1)¦a;

(2)¦ f (x1,x2,x3)�IO/±9¤���_�5O�(�¦�ÑO�L§).

) (1) �g. f (x1,x2,x3) = ax1x2 + x1x3 + x2x3éA�Ý
�

A =


0 a

2
1
2

a
2 0 1

2
1
2

1
2 0


d�g.���2�r(A) = 2,u´detA = a

4 = 0,=a = 0.

(2) ({��5O�{) d

0 0 1
2

0 0 1
2

1
2

1
2 0

1 0 0

0 1 0

0 0 1


→



1 1
2

1
2

1
2 0 1

2
1
2

1
2 0

1 0 0

0 1 0

1 0 1


→



1 0 1
2

0 −1
4

1
4

1
2

1
4 0

1 −1
2 0

0 1 0

1 −1
2 1


→



1 0 0

0 −1
4

1
4

0 1
4 −1

4

1 −1
2 −1

2

0 1 0

1 −1
2

1
2


→



1 0 0

0 −1
4 0

0 0 0

1 −1
2 −1

0 1 1

1 −1
2 0


-�_�5O�

X =


1 −1

2 −1

0 1 1

1 −1
2 0

Y,

K f (x1,x2,x3) = y2
1−

1
4y2

2.

({����5O�{)

λE−A =


λ 0 −1

2

0 λ −1
2

−1
2 −1

2 λ


¤± fA(λ ) = λ (λ 2− 1

2),)�A�A���
√

2
2 ,−

√
2

2 ,0.

�λ =
√

2
2 �, )�A��þ�α1 = (1,1,

√
2)T; �λ = −

√
2

2 �, )�A��þ�α2 =

(1,1,−
√

2)T; �λ = 0�, )�A��þ�α3 = (1,−1,0)T. òα1,α2,α3ü z, ��γ1 =

(1
2 ,

1
2 ,
√

2
2 )T,γ2 = (1

2 ,
1
2 ,−

√
2

2 )T,γ3 = (
√

2
2 ,−

√
2

2 ,0)T,-Q = (γ1,γ2,γ3),X = QY� f (x1,x2,x3) =√
2

2 y2
1−

√
2

2 y2
2.

14�,�9�
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({n��{) - 
x1 = y1 + y3

x2 = y2

x3 = y1− y3

K

f (x1,x2,x3)= (y1+y3)(y1−y3)+y2(y1−y3)= y2
1−y2

3+y1y2−y2y3 =(y1+
1
2

y2)
2−(y3+

1
2

y2)
2,

2- 
z1 = y1 +

1
2y2

z2 = y3 +
1
2y2

z3 = y3

K f (x1,x2,x3) = z2
1− z2

2,Ù¥

X =


1 0 1

0 1 0

1 0 −1

Y =


1 0 1

0 1 0

1 0 −1




1 1
2 0

0 1
2 1

0 0 1


−1

Z =


1 −1 2

0 2 −2

1 −1 0

Z.

Ê!(12©)�ϕ´n�î¼�mV���C�, ψ´V��5C�.y²: ψ = ϕ−1�¿©7�^

�´é?¿�α , β ∈V ,o¤á(ϕ(α),β ) = (α,ψ(β )).

y² ±e�ξ1,ξ2, · · · ,ξn´î¼�mV���IO��Ä.

7�5 ({�) Ï�ϕ´��C�, ¤±eψ = ϕ−1, Ké?¿α,β ∈ V , (ϕ(α),β ) =

(ϕ(α),ϕ(ψ(β ))) = (α,ψ(β )).

({�) (�R�) ϕÚψ3TÄe�Ý
©O�AÚB. Ï�ϕ´��C�, ¤±AAT =

E. Ï�ψ = ϕ−1, ¤±B = A−1 = AT. é?¿α = (ξ1,ξ2, · · · ,ξn)X , β = (ξ1,ξ2, · · · ,ξn)Y ,

(ϕ(α),β ) = (AX ,Y ) = XTATY , (α,ψ(β )) = (X ,ATY ) = XTATY ,K(ϕ(α),β ) = (α,ψ(β )).

¿©5 ({�) (w��) d®�9ϕ���, é?¿α , β ∈ V , (α,ψ(β )) = (ϕ(α),β ) =

(ϕ(α),ϕ(ϕ−1)(β )) = (α,ϕ−1(β ),Ïd(α,(ψ−ϕ−1)(β )) = 0. Tªé¤kα¤á,A�α =

(ψ−ϕ−1)(β ),�dSÈ½Â�(ψ−ϕ−1)(β ) = 0. Tªé¤kβ¤á,�ψ = ϕ−1.

({�) (" , Ó�!, o©·, ©#, ��¬�) é?¿α , β ∈ V , d®�(ϕ(α),β ) =

15�,�9�
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(α,ψ(β )),�ϕ��,

(ψ(β )−ϕ−1(β ),ψ(β )−ϕ−1(β ))

= (ψ(β ),ψ(β ))−2(ψ(β ),ϕ−1(β ))+(ϕ−1(β ),ϕ−1(β ))

= (ϕψ(β ),β )−2(ψ(β ),ϕ−1(β ))+(ϕ−1(β ),ψ(β ))

= (ϕψ(β ),β )− (ψ(β ),ϕ−1(β ))

= (ϕψ(β ),β )− (ϕψ(β ),β ) = 0,

�dSÈ½Â�ψ(β )−ϕ−1(β ) = 0. dβ�?¿5,=�ψ = ϕ−1.

({n) (o�É,�R��) ϕÚψ3TÄe�Ý
©O�AÚB. -α = (ξ1,ξ2, · · · ,ξn)X ,

β = (ξ1,ξ2, · · · ,ξn)Y . KdÓ�, ®�^��dué?¿X , Y , XTATY = (ϕ(α),β ) =

(α,ψ(β )) = (X ,BY ) = XTBY . �XT = εT
i , Y = ε j, i, j = 1,2, · · · ,n,Ka ji = bi j,ÏdB = AT,

(Üϕ��,�A��,¤±B = A−1. dÓ�, ψ = ϕ−1.

({o) (�°¶, �è| , 4­, rÖÍ, ÇÆ¯, 
<7�) -β = ϕ(α), Kd®

�k(ϕ(α),ϕ(α)) = (α,ψ(ϕ(α))). qϕ��, ¤±(α,α) = (α,ψ(ϕ(α))). �V���I

O��Äξ1,ξ2, · · · ,ξn, ψϕ(ξ1,ξ2, · · · ,ξn) = (ξ1,ξ2, · · · ,ξn)A, Ù¥A = (ai j)n×n. �α = ξi,

K1 = (ξi,ξi) = (ϕ(ξi),ϕ(ξi)) = (ξi,ψϕ(ξi)) = (ξi,a1iξ1 +a2iξ2 + · · ·+ aiiξi + · · ·+ aniξn) =

(ξi,aiiξi)= aii,�aii = 1.25¿�é?¿i 6= j, 0=(ξi,ξ j)= (ϕ(ξi),ϕ(ξ j))= (ξi,ψϕ(ξ j))=

(ξi,a1 jξ1+ · · ·+ai jξi+ · · ·+an jξn) = ai j,¤±�i 6= j�, ai j = 0.nþ=�A = E,Ïdψϕ =

idV ,l
ψ = ϕ−1.

({Ê) (_d�,�a3,�Lv,Ç���) é?¿α ∈V , α = (α,ξ1)ξ1+(α,ξ2)ξ2+ · · ·+
(α,ξn)ξn = (ξ1,ξ2, · · · ,ξn)((α,ξ1),(α,ξ2), · · · ,(α,ξn))

T. ÏdϕÚψ3ξ1,ξ2, · · · ,ξne�Ý


A, B©O�

A =


(ϕ(ξ1),ξ1) (ϕ(ξ2),ξ1) · · · (ϕ(ξn),ξ1)

(ϕ(ξ1),ξ2) (ϕ(ξ2),ξ2) · · · (ϕ(ξn),ξ2)
...

...
...

(ϕ(ξ1),ξn) (ϕ(ξ2),ξn) · · · (ϕ(ξn),ξn)

 ,

B =


(ψ(ξ1),ξ1) (ψ(ξ2),ξ1) · · · (ψ(ξn),ξ1)

(ψ(ξ1),ξ2) (ψ(ξ2),ξ2) · · · (ψ(ξn),ξ2)
...

...
...

(ψ(ξ1),ξn) (ψ(ξ2),ξn) · · · (ψ(ξn),ξn)

 .

Ï�ϕ��,¤±AT =A−1.�α = ξi, β = ξ j,d®�k(ϕ(ξi),ξ j)= (ξi,ψ(ξ j))= (ψ(ξ j),ξi),

ÏdB = AT = A−1,�dÓ��ψ = ϕ−1.

({8) (é!ò, ��X, �;ù, 7©h, Û%, MÓ�, cû, Ü�, ÁùR�) d

®��é?¿i = 1,2 · · · ,n, ?¿β ∈ V , k(ϕ(ξi),β ) = (ξi,ψ(β )). �é?¿α ∈ V , Ï

16�,�9�
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�ϕ��, kϕ−1(α) = ∑
n
i=1(ξi,ϕ

−1(α))ξi = ∑
n
i=1(ϕ(ξi),α)ξi = ∑

n
i=1(ξi,ψ(α))ξi = ψ(α),

¤±ψ = ϕ−1.

8!(10©)�A´m��½Ý
, B´n�K½Ý
, C ∈ Rm×n. y²:

(
A C

CT B

)
��K.5�

ê©O´mÚn.

y² (����,�Zo,�lX,Ï�v,ù�´,Û�ñ,$��,�úd,{bl,±�

l�) dK8��§A��½Ý
,�A�_. -

P =

(
Em −A−1C

En

)

w,P�_§Kk

PT

(
A C

CT B

)
P =

(
A

B−CTA−1C

)
= D

¤±

(
A C

CT B

)
�DÜÓ,k�Ó��K.5�ê.

qÏ�A��½Ý
,¤±−A−1�K½Ý
, −CTA−1C��K½Ý
. qÏ�B�K½Ý


,¤±B−CTA−1C�K½Ý
.

nþ��D =

(
A

B−CTA−1C

)
��K.5�ê©O�mÚn. =

(
A C

CT B

)
��K.

5�ê©O�mÚn. �y.

~��Ø P��P =

(
Em −CA−1

En

)
. PA��P =

(
Em −A−1C

En

)
.

Ô!(10©)�A,Bþ�n��½Ý
.

(1)y²: AB�A��Ñ´�¢ê;

(2)qeC�n��½Ý
,�÷vABC =CBA,y²: ABC´�½Ý
.

y² ({�) (uÈo,�Zo,��¬,�µ¦�) (1)Ï�A�n��½Ý
,¤±�3�

_
P,¦�A = PTP. u´,kAB = PTPBPT(PT)−1,=AB�quPBPT. w,, B�PBPTÜ

Ó.
B´n��½¢é¡Ý
, B�A��Ñ´�¢ê, @oPBPT�A��Ñ´�¢ê.

�âAB�PBPT�q, AB�A��Ñ´�¢ê.

(2) Ï�A,B,Cþ�n��½Ý
, kAT = A, BT = B, CT = C, ¤±(ABC)T = CTBTAT =

CBA = ABC,=ABC�n�¢é¡Ý
. qC�n��½Ý
,¤±�3�_
Q,¦�C =

17�,�9�
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QTQ. u´, kABC = Q−1(QABQT)Q, =ABC�quQABQT. w,, AB�QABQTÜÓ.

d(1), AB�A��Ñ´�¢ê,¤±QABQT �A��Ñ´�¢ê. �âABC�QABQT�

q, ABC�A��Ñ´�¢ê. Ïd, ABC�n��½¢é¡Ý
.

({�) (ù§�,4ê��) (1)�λ´AB���A��, X 6= 0´ÙéA���A��þ.

u´,kABX = λX ,�mü>Ó�=��, XTBTAT = λXT. Ï�A�n��½¢é¡Ý
,

kAT = A,¤±XTBTA = λXT. 2�mü>Ó�m¦BX �,

(BX)TABX = λXTBX .

þª¥, B�n��½Ý
,¤±BX 6= 0,�é?¿�X 6= 0, XTBX > 0. òBXw¤���N,

A´�½
,¤±(BX)TABX > 0. Ïd,·�kλ > 0,=AB�A��Ñ´�¢ê.

(2) Ï�A,B,Cþ�n��½Ý
, kAT = A, BT = B, CT = C, ¤±(ABC)T = CTBTAT =

CBA = ABC,=ABC�n�¢é¡Ý
. �µ´ABC���A��, Y 6= 0´ÙéA���

A��þ. u´,kABCY = µY ,�mü>Ó�=��, Y TCBA = µY T. 2�mü>Ó�m

¦CY�,

(CY )TBACY = µY TCY.

þª¥, C�n��½Ý
, ¤±CY 6= 0, �é?¿�Y 6= 0, Y TCY > 0. �âÝ
A,B�é

¡5Ú(1)�y², BA�A���Ñ´�¢ê. òCYw¤���N, dA,B��½5, ¤

±(CY )TBACY > 0. u´,·�kµ > 0,=ABC�A��Ñ´�¢ê. Ïd, ABC�n��½

¢é¡Ý
.

~��Ø {��(1)y²¥AB=PTPBP−1P,¤±ABÜÓuPBP−1, AB�A��ÚPBP−1�

ÓÒ. üÜÓ�Ý
A��ÓÒ�cJ´ùü�Ý
Ñ´¢é¡Ý
, �ùp�AB

ÚPBP−1�7´¢é¡Ý
.

l!(8©)�ϕ , ψ´n�î¼�mV��5C�,�é?¿α ∈V ,k(ϕ(α),ϕ(α))= (ψ(α),ψ(α)).

y²:

(1)é?¿α,β ∈V ,k(ϕ(α),ϕ(β )) = (ψ(α),ψ(β ));

(2)�3��C�σ ,¦�ψ = σϕ .

y² (1) dK¿, (ϕ(α),ϕ(β )) = (ψ(α),ψ(β )),qkð�ª(α,β ) = (α+β ,α+β )−(α−β ,α−β )
4 ,

K

(ϕ(α),ϕ(β )) = (ϕ(α+β ),ϕ((α+β ))−(ϕ(α−β ),ϕ((α−β ))
4

= (ψ(α+β ),ψ((α+β ))−(ψ(α−β ),ψ((α−β ))
4

= (ψ(α),ψ(β )).
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(2) (�;ù) �W1 = Imϕ , W2 = Imψ .·�y²W1�W2Ó�.�d,½ÂC�σ1 : W1→W2,

ϕ(x)→ ψ(x). e¡y²σ1´�5C�.(Ü(1)�, ϕ(x) = ϕ(y)⇔ ϕ(x− y) = 0⇔ (ϕ(x−
y),ϕ(x−y)) = 0⇔ (ψ(x−y),ψ(x−y)) = 0⇔ ψ(x−y) = 0⇔ ψ(x) =ψ(y).qkσ1(aϕ(x)+

bϕ(y)) =σ1(ϕ(ax+by)) =ψ(ax+by) =σ1(aϕ(x)+bϕ(y)) =ψ(ax+by) = aψ(x)+bψ(y) =

aσ1ϕ(x)+bσ1ϕ(y). �kσ1(0) = 0, Kerσ1 = 0. =σ1��5Ó�,�dimW1 = dimW2.

�ÄV =W1⊕W⊥1 =W2⊕W⊥2 ,kdimW⊥1 = dimW⊥2 = r.�W⊥1 ���IO��Äξ1,ξ2, · · · ,ξr;

W⊥2 ���IO��Äη1,η2, · · · ,ηr; ½Âσ2 : W⊥1 → W⊥2 , σ2(ξi) = ηi, 1 ≤ i ≤ r. w

,σ�W⊥1 �W⊥2 ���C�.

2½Âσ : V →W . Ï�V = W1⊕W⊥1 , ¤±é?¿α ∈ V , α�L«�α = α1 +α2, Ù

¥α1 ∈W1, α2 ∈W⊥1 . ½Âσ(α) = σ1(α1)+σ2(α2). K|σ(α)|2 = (σ(α),σ(α)) = (σ1(α1)+

σ2(α2),σ1(α1)+σ2(α2))= (σ1(α1),σ1(α1))+(σ2(α2),σ2(α2))= (α1,α1)+(α2,α2)= (α1+

α2,α1 +α2) = |α|2,�σ´Wþ���C�.

é?¿α ∈ V , ϕ(α) ∈W1,Ïdσϕ(α) = σ(ϕ(α)+0) = σ1(ϕ(α))+σ2(0) = ψ(α),=ψ =

σϕ .

~��Ø ��ÄϕØ�_��/.

N\K (10©)

�A = (ai j) ∈ Rn×n,½ÂRn×nþ¼ê�:

f (A) =
n

∑
i=1

n

∑
j=1

a2
i j.

®�n�¢�_Ý
P÷v: é?¿n�¢Ý
A,Ñk f (PAP−1) = f (A). y²: �3�¢êc,¦

�PTP = cEn,Ù¥En�n�ü Ý
.

y² (�;ù) �Äî¼�mRn×n,ÙSÈ�(A,B) = tr(ATB),K f (A) = |A|2. ½ÂRn×nþ

��5N�: ϕ(A) = PAP−1,dK�^��, |ϕ(A)|= |A|,=�±�ÝØC,Ïd´��C�,?


ϕ−1�´��C�.u´,é?¿A, BÑk

(ϕ(A),B) = (ϕ−1
ϕ(A),ϕ−1(B)) = (A,ϕ−1(B)) = (A,P−1BP),

=tr((PAP−1)TB) = tr(ATP−1BP),¤±

tr((PAP−1− (P−1)TAPT)TB) = 0.

�B = PAP−1− (P−1)TAPT, Kþª=tr(BTB) = 0. ¤±B = O, =PAP−1 = (P−1)TAPT. dd�

�(PTP)A = A(PTP). ��,dA�?¿5,��PTP = cEn,Ù¥c > 0.

19�,�9�


