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φ : R3 −→ R4
x1

x2

x3

 7→


x1 + x2

x1 − x3
x2 + x3

x1 + 2x2 + x3


(1) y² φ ´�5N�¶

(2) ¦ φ 3IOÄe�Ý
¶

(3) O� ker(φ) Ú im(φ) ��ê¶

(4) ©OO� ker(φ) Ú im(φ) ��|Ä..
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(1)


−1 1

−2 3

2 −1


(
2 3

2 1

)
(2)

(
cosα − sinα

sinα cosα

)(
cos β − sin β

sin β cos β

)
(3)

(
cosα − sinα

sinα cosα

)n

3. ¦)e�¯Kµ

(1) -

A =


x1

x2
...

xm


(
y1 y2 . . . yn

)
,

¦Ý
 A ��¶

(2) � A ∈ Rm×n � rank(A) = 1. y²µA �±L«¤e�/ª
x1

x2
...

xm


(
y1 y2 . . . yn

)

Ù¥ xi, i = 1, . . . ,m Ø�� 0 � yj, j = 1, . . . , n Ø�� 0¶
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(3) � A ∈ Rm×n � rank(A) = r. y²µA �±L«¤ Rm×n ¥ r ��� 1 �Ý


�Ú§�ØUL«¤ Rm×n ¥ r − 1 ��� 1 �Ý
�Ú.

4. � φ : Rn → Rn ´�5N�§y²µ

(1) ker(φ) ⊂ ker(φ2) ⊂ · · · ⊂ ker(φm) ⊂ ker(φm+1) ⊂ · · ·¶

(2) im(φ) ⊃ im(φ2) ⊃ · · · ⊃ im(φm) ⊃ im(φm+1) ⊃ · · ·¶

(3) (À�K)�3 k ∈ Z+ ¦�

ker(φk) = ker(φk+1) = ker(φk+2) = · · ·

� im(φk) = im(φk+1) = im(φk+2) = · · · .

5µ1 (3) K�À�K§k,��ÓÆ�±g�e.
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