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1. �IOîª�m Rn�IOÄ´ e1, . . . , en. O� ‖e1 + · · ·+ en‖.

). e1 + · · ·+ en = (1, . . . , 1)t. �

‖e1 + · · ·+ en‖ =
√
12 + · · ·+ 12 =

√
n.

2. � V = R[x](3)´îª�m, Ù¥SÈ´

(f |g) =
∫ 1

0

f(x)g(x)dx.

O� x��ÝÚl 1� x2�ål.

).

‖x‖ =
√

(x|x) =

√∫ 1

0

x2 dx =

√
1

3
.

‖x2 − 1‖ =
√

(x2 − 1|x2 − 1) =

√∫ 1

0

(x2 − 1)2 dx =

√
8

15
.

3. � V ´îª�m, u,v ∈ V . y²:

‖u+ v‖2 + ‖u− v‖2 = 2‖u‖2 + 2‖v‖2.

). d½Â��

‖u+ v‖2 + ‖u− v‖2 = (u+ v|u+ v) + (u− v|u− v)

= (u|u) + 2(u|v) + (v|v) + (u|u)− 2(u|v) + (v|v)

= 2(u|u) + 2(v|v)

= 2‖u‖2 + 2‖v‖2 �

4. � V ´îª�m, v1, . . . ,vm ∈ V .

(i) � x = α1v1 + · · ·+ αmvm, y = β1v1 + · · ·+ βmvm. y²:

(x|y) = (α1, . . . , αm)G(v1, . . . ,vm)


β1
...

βm

 .
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(ii) � e1, . . . , en ´ V ��|Ä, x ∈ V . y²: x = 0��=� (x|ei) = 0,

i = 1, . . . , n.

y. (i) dV�5��

(x|y) = (
m∑
i=1

αvi|
m∑
j=1

βjvj) =
m∑
i=1

m∑
j=1

αiβj(vi|vj) = (α1, . . . , αm)G(v1, . . . ,vm)


β1
...

βm

 .

(ii) � x = 0. KdV�5�� (x|ei) = (0|ei) = 0, i = 1, . . . , n. ��, �

(x|ei) = (0|ei) = 0, i = 1, . . . , n. -

x = x1e1 + · · ·+ xnen.

K

(x|ei) = 0 =⇒
n∑

j=1

(ei|ej)xj = 0, i = 1, . . . , n.

=

G(e1, . . . , en)


x1
...

xn

 = 0n.

d1nÙ1�ù·K 1.6��, G(v1, . . . ,vn)�_. � x1 = · · · = xn = 0. l

 x = 0. �

5. � A ∈ Mn(C). y²:

(i) A´�"Ý
��=� JA´�"Ý
.

(ii) A´�"Ý
��=� tr(Ak) = 0, k = 1, 2, . . . , n.

y. (i) Ï� A ∼s JA, ¤±�3 P ∈ GLn(C)¦�

JA = P−1AP.

� Am = O ��=� Jm
A = O. u´, Ý
 A ´�"Ý
��=��3

m ∈ Z+¦� Am = O.

(ii) d (i)ÚÝ
�,´�qØCþ��, ·���y² JA ´�"���=

� tr(Jk
A) = 0, k = 1, . . . , n. (5¿� Ak ∼s J

k
A). Ï� Jordan¬´þn��,
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¤±

Jd(λ)
k =


λk ∗ ∗ · · · ∗

λk ∗ · · · ∗
. . .

...

λk

 , (1)

Ù¥ ∗�L,
¢ê.

� JA´�"Ý
. K�3m ∈ Z+¦� Jm
A = O. d (1)��, JA�é��þ

���Ñ�u". 2d (1)��, Jk
A�é�����Ñ�u". � tr(Jk

A) = 0.

��, � tr(Jk
A) = 0, k = 1, . . . , n. Ø��

JA =


Md1(λ1)

Md2(λ2)
. . .

Mds(λs)

 ,

Ù¥ Mdi(λi)´ di �þn�Ý
, Ùé��þ��Ñ´ λi, i = 1, . . . , s, �

λ1, . . . , λsüüØÓ. þã/ª�±ÏLr JA¥äk�ÓA��� Jordan¬

��ü���. �í� (1)aq

Jk
A =


M

(k)
d1

(λk1)

Md2(λ
k
2)

. . .

M
(k)
ds

(λks)

 ,

Ù¥M
(k)
di

(λi)´ di �þn�Ý
, Ùé��þ��Ñ´ λki , k = 1, . . . , n. d

d�Ñ
s∑

i=1

diλ
k
i = 0, k = 1, . . . , n.

Kc s��§´ 
λ1 λ2 · · · λs

λ21 λ22 · · · λ2s
...

...
. . .

...

λs1 λs2 · · · λss


︸ ︷︷ ︸

B


d1

d2
...

ds

 = 0s.
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Ï� d1, . . . , ds�Ø�u", ¤± det(B) = 0. d����1�ª�5���

det(B) = λ1 · · ·λs
∏

1≤i<j≤s

(λj − λi) = 0.

Ï� λ1, λ2, . . . , λs üüØÓ, ¤± λ1, λ2, . . . , λs ¥k�=k���u". Ø��

λ1 = 0. Kþã�§|C�
λ2 · · · λs
...

. . .
...

λs−1
2 · · · λs−1

s


︸ ︷︷ ︸

C


d2
...

ds

 = 0s.

� λ2, . . . , λs üüØÓ��". � det(C) 6= 0. u´, d2 = · · · = ds = 0. gñ. �

s = 1. =

JA =Mn(0).

AO/, JAA�õ�ª�u tn. d Hamilton-Cayley½n, Jn
A=O. � JA´�"�.
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