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2.2 u, v, w
w

R
n
�4Y 0�1

α, β
w4i�c70m\>Q��4X �4£�¤ \�Q4;

(1) (u + v) + w = u + (v + w) (9 ®�:�; )

(2) u + v = v + u (<�= :�; )

(3) >�? .4Y o (@  �"g#&%�A�' @ Y70�B�Å48FQ ) ��C�D 142�E�F��4 �"g#&%�K4¢71
v + o = v

04.�Q4;
(4)

E�F��� �"g#&%
v
K4¢714H�Q4 �"$#&%

v
′ ��C�D 1�2 (v

��G�Y70mPgy
) v + v

′ = o
04.,Q

(
���

v
′ = −v

0mk�\
)
;

(5) α(u + v) = αu + αv ( H�I :�; )

(6) (α + β)v = αv + βv ( HJI :�; )

(7) (αβ)v = α(βv)

(8) 1v = v

) � a�w�KL&�1 MgSm'�N�OLP�470�142�6 _ ;QSR
(1) TVUXWZY\[^]X_S`XacbVdXe�fVgSh�eViXj�kXlSmonqpsrctVuSv�wXeSxzySvV[^{S|c}s~X�)eV]X_ a, b, c`V�qb a+(b+ c) = (a+ b)+ c eV�X�Sm��X�Xy)vV[X� = (ui), � = (vi), � = (wi) xsySvV[�� + � = (ui + vi)��� v�e �o�

( � + � ) + � = (ui + vi) + (wi) = ((ui + vi) + wi) = (ui + (vi + wi)) = � + ( � + � )
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������w���P>Q�0mn

(ai) + (bi) = (ai + bi), α(ai) = (αai)
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(3) Ê�Ò	Ë�ÌÏç�ÍVÎ 1.1 Ò	Ë�ÌOÞsÏ�ÐÍëOì¯ñ@öÍÜÏÓ��	Ñ�ç�ÒÍÛÍÎÍáÕâÏÛ@ÜÏÝOâOä¯å@æÏÛÍ÷�Ó�Ô@Ò	ÕÍïÍç�Ö@æÍÜ	×�ØÏñ�Ù��Ú�Û îsÜEÔÏëOì¯ñ@öÍÜÏ÷
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K � &�½4a�.>04��'æå
K
À�ç>w�è2é�\�Q

²�® � H�Q4;

êìë � � (íïîñð~}~��� � �q� )(4)

�á���ò�Xó�ôX�S�q���XõSö�eV÷Xø)T n �XùS`Vú�ûXüqbo�X� � dXd � moýS`VúXû�üXySv�[��S�q���S`Xm�þ ( ÿb�� ) x�]�_��c|���m�����_�� � {)|S}	��
����� �o���q��rctVu)��� ��� `oþ (ÿ b�� ) x���
������Seo�
� ��rctou)v���j)eoùcT^�)��� ��õ ö���� � W)e���ùcTo�)� � ��x����cd)xo`cb � Y\[����c`�� x�b�toþ x
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������)eo�����zr)toucv��� �!���j)T	��Xvo[
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2.5 (1) # n $�%�&�')(+*�,�- : dVrc`o{Xu)tXm	.Se�/ � �����V[ V = 0 n x�132�x � V `�m�þqx�]X_
�)�o�����zr)toucvo[

(2) 4�5 n $�%�&'6(7*�,�- : dorc`o{�u)t�w	.)e	/ � ������[ V = 8 n x91:2�x � V `�moþ�x�����_���o��� ��rctou)v�[
(3) ;�<�=�>�,?- : ����@ V =
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y

z
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∣

∣

∣

∣

∣

x + y + z = 0

}

x�1B2 [ V eV� �q�\� � 1 =

(

x1

y1

z1

) �

� 2 =

(

x2

y2

z2

)

(5) x���
���� α `o��b�� 1 + � 2 x α � 1 w V e��)� ����x	!�v�[CA 3 D�E T	���!ou
�o�

V e�F)T	���vo[)d�e)x	G V `�moþ x��	
�����)�������zr)t�u)v)x�FSvo�c� � G�vo[
(4) (2, 2) H�I : 2 J 2 K)e�J�KcT (2, 2) J�K |���m 2 × 2 J�Kqx�u Y [Sd�d � ���X�cm6A e�ù�x�ySv�[

V =
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a b

c d

)∣

∣

∣

∣

a, b, c, d ∈ A
}

x91L2 [ V `�m�J�K)e�þ�x��	
�	���)����� ��rStoucvo[
(5) (m,n) H�I : (m,n) J�K D�E e���j M(m,n; A ) `�m^þ�x	��
���M�c�o�M���zr�t�u)��[�w Y�ú�NO�P ycv)x

A =







a11 · · · a1n

... aij

...
am1 · · · amn






, B =







b11 · · · b1n

... bij

...
bm1 · · · bmn






∈ M(m,n; A )

�
α ∈ A `^� b�þ � ��


�����cm
A + B =







a11 + b11 · · · a1n + b1n

... aij + bij

...
am1 + bm1 · · · amn + bmn







αA =







αa11 · · · αa1n

... αaij

...
αam1 · · · αamn







(4) Q�RTSTU ñOîWVTXV��� îWY[ZÍæÏÛ�çmè�\ÍðÍñOâW]�^`_rËTaz�TbTc�ñOâÍö ÜÍÒÏñTd�eWfýú �ÍîWgÍÛ�ÚihÂÔ¯Ó��	�OÜã÷TQRTj ÔV���Ïè 1 kTl�m èTVTXTn�oTpÍñrâÍëWqÍñOö�ÜÏ÷
(5) ÊVÊÍÒWrTsOÒ�tÍÛ Ú îÏÑ�uÍñ ×�ÙÍÎOâÍÒOÞwvEäyxEà ÷ 2 k �Íè 3 k �OÒW]Oî�Ê�ÒWqOæWzT{ Û âÍöÍÜÏ÷
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��� � �o[ � voucm
(aij) + (bij) = (aij + bij), α(aij) = (αaij)

xow�|�y^[
(6) }�~�� : x `�aVy)v ( ]�_���_ ) ����� D�E e���j)T V xsycv)xzþqx�]�_��S�o�����sr)t�u)vV[������x������SeVþSm������qx�!XvSb � �?���SeV]X_��Sw������ `�!XvV[�dXe x `XaVySv ( ] _��X_ ) ����� DE e���j)T�0 [x]

� |�y [S|�� n �����)e	����� D�E e	�Xj)T60 n[x] x9|Xy��)`�ySvo[����@60 2[x]m 2 �����)e	����� D�E e���j � {c|)} 2 ��� � 1 ��� � 0 ��� ( ��_ ) D�E �)p�!�v���j ��� vo[��� `�����_�� _)e��M��� DME e���jcT�8 [x]
�

n ���M�)e�����_M��_cei���M� D�E T�8 n[x] x��
2 [cdor�p�`�m�þ�x9����_��)�o��� � G�vo[

(7) ������ : ����ö I |���m�0�� � ��� ��rc�o]�_����M�)a�_ D�E e�� jcT V x�ycv)x ��� mc}�þ x]�_��c�o��� � G�vo[�þ�x�]�_��cm
(f + g)(x) = f(x) + g(x), (αf)(x) = αf(x)

� ���Xy)vV[ádXd � mXa�_ f x x `����Xv�� f(x) x m���� bVt�132 [���� � m x `����Xv��S� f(x)�X� v�aV_ST f(x) x��XuSt � f T��X�� �!�wXeSxVm�¡q}�¢ctXd�!X� � ��� � dXe����Sm�£X� ����¤ ( ¥¦§�¨�©§ !�ª�«�¬	®¯�°�±:²�³�´�µ�ª ) ¶�·�¸¹�ºL»�·�¸�¹�º §	¼�½ ·�¸¹�º §�¾ º�¿¬	À¬�Á9·
¸¹�º�Â�Ã ¤ ¶Ä §�Å�ÆÇ�È�É�Ê Â²�Ë�Ì�Í�³ ½ C(I) Î�Ë�¬ C( Ï ) »9Ð:ÑÒ¶
Î�Ë�Ó�Ô�º�Õ¹�º�Â�Ö:²�×�Ø�Â�Ù�Ú ¤ » ½�È�É °�Û ¤ Å�Æ�Ç C(I; Ü ) Î�Ë�¬ C( Ï ; Ü ) »9Ð:ÑÒ¶

(8) Ý�Þ�ß�àá�â�ã : ä�å�æ I Î�Ë�¬6Ïèç° È�ÉLé�© Ë�ê�ë�ì�í�Ã ¾ º�Õ�¹�º�î�ï §	Å�ÆÇ V »9ð ¤ » ½
À�¬Á ¼ » ¾ º�¿�Ì (7) »�×�ñ�Â È�É °�Û ¤ ¶CÄ §�Å�Æ�Ç�È�É�Ê Â�²�Ë�Ì�Í�³ ½ D(I) Î�Ë�¬ D( Ï ) »
ÐLÑò¶
×�ØÂ	ê�ë�ì�íÃ	Ó�Ô�º�Õ¹	º § î�ï Ç D(I; Ü ) Î�Ë�¬ D( Ï , Ü ) »�ÐLÑò¶

(9) ó�ô�õ	ö�÷�ø�ù�÷�ú�û : G
Ç�ü ¤�ý	þ »9ð ¤ ¶�ÿÚ������ § ØÃ�´ § ð ¤ ¶

i1

i2

i3

i4

i5

i6

Ä�Ä�° box
§�� ë ¬�Ô	� ( 
	� and/or ��	� ) » ð ¤ Ì ½ black box °	�M¬ ë�� ¯�Ã ª ´ § » ð¤ ¶ i1, . . . , i6 ¬���� ½ Ë���²���Û�¬�����¯�� , ��� ¯9ç�Â »�Í�³��LÑ�¶��� Ç ±�!�ð�"�#%$'& Ç)( =

(i1, . . . , i6) »�² ½ ì�í�Ã�ð�*�³ § �+ Ç ±,!�ð�",#-$'& Ç�Å,. Ë Å�ÆÇ V »�ð ¤ ¶+"�#%$'& §�¼0/ ¾
º�¿ Ç�1 ë�×�2 §	¼3/ ¾ º�¿�° È�É °�Û ¤ ( 4�5�� ½76�8 $ : 9�& 6�:�;�<�§�= 1 >�? ) ¶

(10) ó�ôMõ�ö�÷�ø�@�÷Mú�û : G
Ç

(9)
§ ý�þ »9ð ¤ ¶�A ik Â�Ö�B�ð ¤ �	C Ç ek »�ð ¤ ¶��� Ç ±�!	ð

"�#D$'& Ç0E = (e1, . . . , e6)
(6) »�² ½ ì�í�Ã�ð�*³ § �� Ç ±�!	ð�"�#7$F& Ç�Å�. Ë ÅMÆÇ W »�ð¤ ¶+"�#-$F& §�¼0/ ¾ º�¿ Ç�1 ë×�2 §�¼0/ ¾ º�¿�° È�É °�Û ¤ ( 4�5�� ½-6G8 $ : 9G& 6�:	;�<�§�= 2

>�? )¶
(6) H+I (9) JLK+MONQPSRUTWVXKYMONQPGZX[Y\X]L^+_XJLKYM`NQP ILa KYMONQPXZG[XbXcYdLe+fLZhgGdLiXjYJLk+lXmLnXoXp
_X_UZ ILq cYrLoGsX^XtXuXvGwYJLxYyLK+MONQPOz|{�}YN~K+MONQPYJX�W�OzL�Y�|Z+gXdLi
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(11) ã������ : V
Ç ¾ º��?î�ï`�C¯ Ã ¤ Å?Æ »Òð ¤ ¶ 2 � § º���� = {ai}, � = {bi}

Ç ÙCÚ ¤ ¶ ci = ai+bi(i =

1, . . .) Â�ÖL²�� = {ci} »��:Ñ�»�Û ½ � = � + �M» È�É ð ¤ ¶Î�Ë ¾ º α Â�Ö ² di = αai(i = 1, . . .)

»�² ½�� = {di} »��LÑ�»�Û � = α �:» È�É ð ¤ ¶�Ó�Ô�º § º��´�×	ØÂ	ÙÚ ¤ Ä»	Ì�°�Û ¤ ¶
(12) �����+�%����ã�� : ��� §���� º n Â�ÖL² an+2 = an+1 + an

Ç�� Ë	ð�º�� {ai}
Ç�<+���G�7;�  º��

»W¡£¢ ¶ V
Ç+<+�+�G�-;W  º+��î�ï���¯�Ã ¤ Å�Æ »�ð ¤ ¶?º+� {ai}

½
{bi}

Ç+<����G�7;W  º��3»9ð ¤ ¶
{ci} = {ai} + {bi} » ð ¤ » ½ {ci} ´ <+�����7;�  º�� »�Ã ¤ ¶�ÎMË {di} = α{ai} Â�Ö ² {di} ´<������7;�  º���¶

(13) ¤�¥�Ý�Þ+¦�§+¨�÷�©+ª�« : ¬��ê�ë�®+¯�° Ç ÙÚ ¤ ¶�4°�´�µ�ª�Ì�Ä�Ä�°�¬ 2 ± § ê�ë�®+¯�° ½ ÿÚ+�
y′′ − y′ − 2y = 0

Ç Ù�Ú ¤ ¶�Ä § ê�ë�®+¯�° §�² »�Ã ¤ ¹	º�î�ï §�Å�ÆÇ V »�ð ¤ ¶��ÎÁ
V = {y | y

′′ − y
′ − 2y = 0}

»9ð ¤ ¶�ÿ�Ú�� y(x) = e−x »��LÑ�» y(x) ∈ V ° ü ¤ ¶ y1(x), y2(x) ∈ V
§ « ½

y1(x) + y2(x) ∈ V
½

αy1(x) ∈ V ° ü ¤ (7) ¶ ² »�Ã ¤ ¹	º Ç�¾ º�Õ�¹�º §�³,´ °�Ù�Ú ¤ � ½ Ó�ÔMº�Õ
¹�º°	ÙÚ ¤ ��° ½,µ�¶,·G¸ ¿ (

¾ º�¿Î�Ë�¬�Ó�Ô�º�¿ ) Ì È�É3é�©�½,µ�¶�·�¸ ¿´	ê�ë�®+¯�° §�² Â
Ã ¤ ¶

¹ ç § Ø�Ã�ÿ���¯�",#7$'&�ºæ §�È�É�Ç � § ØÂ�»�¼�½�ð ¤ (8) ¶
¾�¿

2.6 º °MÃ�ª ÅMÆ V Â ¼ ( À ²�Á ) » µ�¶�·�¸ ¿ Ì È�É é�© ³�ª ³ ½ � § (1)–(8)
§�Â�Ã�Ç�� ÀMð ¤

« V
ÇÅÄ § ¤	¥	ª�« (Æ	Ç�È�É�ÊÌËÎÍ�ª	« )(linear space, vector space)(9) » ªMª V

§ A	Ï Ç ÉÐÊÑËÎÍ
(vector) »�Ò�Ó�¶	Ô , Õ , Ö Ç V

§ Ï:»�² α, β ∈
Ä Â�Ö:²

(1) ( Ô + Õ ) + Ö = Ô + ( Õ + Ö ) ( × Æ >�? )

(2) Ô + Õ = Õ + Ô ( Ø+Ù�>�? )

(3) Ú�ÛÃ�ÏÝÜ (Þ�"�#%$'&�ß�¬�Þ�ÏL»�Ò�� © ¤ ) Ì�à�á:²�³���� § "�#7$F&Â	ÖL²
Õ + Ü = Õ »	Ã ¤ ¶

(4) ��� § "�#D$â&ãÕLÂ�Ö ² ü ¤ ",#�$ä&åÕ ′ Ì�à�á ²�³ ( Õ §�æ Ï » ªÑ¢ ) Õ + Õ ′ = Ü »�Ã ¤ ( ç	è
Õ ′ = − Õ »9±�ð ) ¶

(5) α( Ô + Õ ) = α Ô + α Õ ( ë�é�>�? )

(6) (α + β) Õ = α Õ + β Õ ( ë�é�>�? )

(7) (αβ) Õ = α(β Õ )
(8) 1 Õ = Õ
ÿ 2.5 °�ê�ç�ë�Ë�ÿ¬�ª�ì © ´�Ä § �,í ( î�ï é9© Ë���í ) ° § "�#-$F&�º�æ�Â�Ã�Á ½ Ä ©Ç� �ð�; #	ð ¤ñ ¬�ò ²�Ñ�Ã�ª (→ ó	ô�õ�ö 2.2) ¶Ä�ÄM°�¬�Þ	Ï (Þ	"�#7$ä& )

§ ñ ��÷�ø�* ³�� Ä%¢ ¶�"Ð#D$F&�º�æMÂ�Ã¤ Ë . Â�¬�Þ�Ï�ÌGà�á�ð ¤ ñ Ì�ù+ú�° ü Í�Ë�¶+û�ü § 3 � § ÿ�°�¬ 1 ëÌ�ð�*³ 0 ° ü ¤þý ç�è § Þ�",#7$
&�ÿ�Ì�� © ° ü ¤ ¶�����¬ 1 ëÌ	ð�*�³ 0 ° ü ¤ Þ�����Ì�� © ° ü ¤ ¶�����° §���Æ Þ�Ï�¬ È º 0(

È º�´��
º 0

§ ����°:»
	 ¤ )
½ ·�¸¹�º §���Æ ¬����� Â 0 ° ü ¤ ¹	º Ç o »9Ð:Ñ�» ( �ÎÁ���� § x ∈ I Â�Ö:²

o(x) = 0) � © Ì�Þ�Ï Â�Ã ¤ ¶ <������7;�  º�� §���Æ ¬ a1 = 0
½

a2 = 0 »�Ã ¤ º���Ì�Þ�Ï° ü ¤ ( Ä § »
Û	ð+*�³ §���� º n Â�Ö3² an = 0)¶�û�� § ê�ë�®+¯�° §�² º�æ §���Æ�§ Þ�¬�·�¸�¹�º §���Æ »�×�ñ o(x) °ü ¤

(o(x) ¬ V
§ Ï�Â�Ã ¤ ) ¶

�������
2.2 ÿ 2.5

§ ÿ�Ì�"�#%$'&�º�æ�Â�Ã ¤ ñ Ç� ,ð ; #��µ�¶�������
2.3 � Ç�� ��¶

(1) "�#7$F& Õ 0 Ì�����"�#%$'& §�Â�Ã�Ç�� ³���Õ 0 = 0 ° ü ¤ ¶ ( Ä © ��¯�����",#7$'&�¬�� 1 �° ü ¤ñ Ì�ë,� ¤ )

(7) _G_LZ I (7) z I�� m y(x) s+�� YT"!$#|pXoYd+z&%('Xi()�* y ∈ V z|o�+|[Yf�,.-0/$1|cYdLi
(8) 2�3 1.1 -�4�5YJ�6Xi
(9) _Wc.-�7�8XKYMON P(9.:�z&;Y]Lc+dLs�^Y_XJ�<(=GZ I�>�? T.1L\Gd�'�@XmX_.+&;�AB6+m�CYdLi(D�E(F� Y�L�YJ�G+T
HI zUf I�J(K CYd06Xi
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(2) Õ Â�Ö:² æ Ï §�Â�Ã Ç ´���",#7$ä& Õ 1 Ì�à�á�ð © �£Õ 1 = Õ ′(= − Õ ) ° ü ¤ ¶ ( Ä © �¯ æ Ï�¬�� 1

�° ü ¤ ñ Ì�ë�� ¤ )

(3)
ü ¤

1 � § ",#7$F& Õ�Â	ÖL² Õ + Ö = Õ Ì 1�L ð © ��Ö = 0 ° ü ¤ ¶
�������

2.4 "�#7$F&�º�æ V
§ ��� § "�#%$'& Õ3»��+� §�µ�¶�·�¸ α Â�Ö:²���Ì 1�L ð ¤ ñ Ç�� ��¶

(1) (−1) Õ = − Õ (2) 0 Õ = 0

(3) α0 = 0
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