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1.17 �������������������� �!�"�# fA $�%�& Ker(fA) '�( Im(fA) )�*�+�,�-

(1) A =







1 1 0

1 2 0

1 3 0






(2) A =







1 −1 1

3 2 8

2 1 5







(3) A =







1 0 0

2 0 0

3 0 0






(4) A =







1 2 3

0 1 0

1 0 1
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H &SITK - Ker(fA) =
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x ∈ R3
∣

∣ Ax = 0
} � .VU2W x =
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 X F;<�: x ∈ Ker(fA) XZY �\[
] ) x, y, z $;^�&M_ GB` & H . -baBc . � X x = 0

P �D:BGDH . -ed $ x = 0 � X G x f Ker(fA)

�;g $ Y 50H . -�,�hD: ker(fA) =
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 X�Y ����� Ker(fA) =
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X�Y 5�H . -
Im(fA) =

{

y ∈ R3
∣

∣ o ��p�qsrut x $�%�& y = Ax
} � .�UvW�Q y =
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= A
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. � X Q X = x, Y = 2x, Z = 3x X�Y �k�V� y =
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Y
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Im(fA) =

〈
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〉
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1.18 U, V, W ) R3 ��w>x�yVz X . ��- f : U → V , g : V → W )� �!>"�# X . � X Q{ j>"�# g ◦ f 1� >!�"�#�� o ��| X )�}�~�-
f : U → V

P 7���� 1 % 1 "�#�� o � X G Q d�"�# f−1 1� >!�"�#�� o ����)�}�~�-
g ◦ f

P  �!�"�#�� o ����)�} .�� + $ f
(1) ����� u, u ∈ U $�%�& g ◦ f(u + v) = g ◦ f(u) + g ◦ f(v)

(2) ����� u ∈ U X ��������� α $�%�& g ◦ f(αu) = αg ◦ f(u)

� 2 ?�)�}>~���,�<�x�A>� . - (1) f g ◦ f(u + v) = g(f(u + v)) Y ��� Q |�|Z� f
P  >!�"D# U



W
f(u + v) = f(u) + f(v)

P x U ����� Q |���)���� . � X Q g(f(u) + f(v))
P���W � Q�� $ gP  �!�"�# X < K ��);��<�� X g(f(u)) + g(f(v)) = g ◦ f(u) + g ◦ f(v)

P���W ��H . - (2) 1��� � Q g ◦ f(αu) = g(f(αu)) = g(αf(u)) = αg(f(u)) = αg ◦ f(u) X�Y 5NH . -
y

1
= f(x1), y2

= f(x2) X F�� X y
1

+ y
2

= f(x1) + f(x2) = f(x1 + x2) X�Y 5�H . -�|����U�W
f−1(y

1
+ y

2
) = x1 + x2 = f−1(y

1
) + f−1(y

2
)
P�� :;��H . -�|��mf f−1

P  �!k"�#����� � (1) )�� � & :�<�����)�} & :Z<�H . -VH � y = f(x) X F�� X Q αy = αf(x) = f(αx) Y �� Q f−1(αy) = αx = αf−1(y) X�Y 5�H . -�,�hD: f−1 f� �!�"�# $ Y 5�H . -
������
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1.19 x =
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 X . �\- x )�� $�& � θ ��������� W ���Z"�#V) f X . ��-�|��
X G f ����������)�*�+�,�-
�>�m� Y [ ] U�W n���*v+����kf�� & ��K � . -¢¡£n��2¤ X f e1, e2, e3 )�¥�¦�pvqsrut X . �X G Q ����� Y [ ] U�W f(ei) )�n���a�c . ����)���§ & H . -��� � $�¨ ��H &DIEK - x ��) z � $ " .>© �\)�ª�� Y <D �!>"�#V) g X & H . - z ���Z«s5��
� θ ������"�#m) fθ X . � X Q g−1 ◦ fθ ◦ g f f X�¬� & H . (®�¯�° � & :�`���< )- z � $k^. � θ ����)��D� . ���D� X f . � $ ��W ��:Z<��D��� Q g )���� . ���D� B )�*�+Z��� Q f )
��� . ����� A f B−1XB X�Y 5�H . -

g )\�;� . �Z�;��)0*V+B�\�2) ¨ �>�\- X <ThZ:�1;|Z� � Y g f\±³² o �;�>� 1 ?>´�+;�\µB¶ P o
�Z-S�V� � $ g )Z´�+��\- v1, v2, v3 ) © � P 1 �\F>·D< $ n>¸ . ��p�q¹rut�� v3 =

1√
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1

1







X . ��-�|�� X G vi ) ei (= 1, 2, 3) $ " . "�#�) g X . ��-�|�� X G C = (v1 v2 v3) X F¢� X
Cei = vi (= 1, 2, 3) Y �;� C f g−1 )0�D� . �0�>� $ Y h=:0<E�\-D,bhZ: B = C−1

P CE�\- v3 X
nB¸ . �0p2qºr»t w1 )0¼ . - w1 =
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b
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 X Fv� X0½0¾ )0�B<;�2� a+b+c = 0 )0� � ~2�2,M<;�

P x U �Z-³|;|Z�;f w1 =
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)0¿>À;- v3, w1 XMÁ $ n;¸ . �0p�q6r»t�)0¼ . - w2 =
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X . � X Q a+b+c = 0
U ? a−b = 0 )\� � ~��V,N<D-Â|D|Z�>f w2 =
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)Z¿DÀ>- w1, w2

f © � P 1 � Y <m�2� vi =
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|wi| X F6� X
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Y ����d�����)�a�c . � X B =
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Y �>��� Q *�+������ A = B−1XB = CXB f
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