
(1) üÎ¡ ý�û´ª�Ú÷

ø Óþ¢¤ m �� ,n ¤¢ m °ó�ì ×þ ¤¢ �¤ ,j = 1; : : : ; n ,i = 1; : : : ; m ,aij üÖ�Ö� ¢Àä m� n üµìø

:¢�ªüõ ÓþÂã� (üÖ�Ö�) m � nÅþÂ��õ ×þ ,Ý�Æþ��� Âþ¥ ÛØª �� ö�µ¨ n

2
64

a11 : : : a1n... ...
am1 amn

3
75

Óþ¢¤ ¤¢ �î ´¨� ý��þ�¤¢ aij ¥� ¢�ÊÖõ .À�õ�÷üõ ÅþÂ��õ ý�û�þ�¤¢ �¤ ÅþÂ��õ ¤¢ �¤À�õ ¢�Àä�

[aij ]i=1;:::;m j=1;:::;n ÂµÜõ�î ¤�Ï �� �þ ,[aij] �¤�¬ �� �¤ A��ìø� üû�ð .¢¤�¢ ¤�Âì ô� j ö�µ¨ ø ô� i

.Ý�Æþ�÷üõ

���ÜÞä À�÷�Þû ,üÖ�Ö� ¢�Àä� ¤¢ �Â® ÛÞä ø ,âÞ� ÛÞä ö���üõ ù¥�À÷� Ýû ý�ûÅþÂ��õ ý�Â�

,À�ª�� m� n ÅþÂ��õ ø¢ B = [bij] ø A = [aij ] Âð� .¢Âî ÓþÂã� �¤ (�û¤�¢Â�) �ûüþ�� ný�Â� ���Èõ

ñ�õÂê �� A + B = [cij] ,ÅþÂ��õ ø¢ á�Þ¹õ

cij = aij + bij (1)

:´¨� ´¨�¤Â¨ ÓþÂã� ¥� Âþ¥ «��¡ ´½¬ Õ�Ö½� .¢�ªüõ ÓþÂã�

�ûÅþÂ��õ âÞ� üþ�Àµ�� «��¡ (1-11)

Ý þ¤�¢ ,À � ª� � m � n Å þÂ �� õ ø¢ B ø A Â ð� .(ü þ� ¹ �� �) ýÂ þÁ �Ë þ� ã � (1-1-11)
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.A+ B = B + A

A + (B + C) = Ýþ¤�¢ ,À�ª� � m � n ý�ûÅþÂ��õ C ø B ,A Âð� .ýÂþÁ�´îÂª (2-1-11)

.(A+ B) + C

Çþ�Þ÷ O �� ø ´¨� ÂÔ¬ ö� ý�û�þ�¤¢ �b Þû �î m� n ÂÔ¬ ÅþÂ��õ .Â��ü� ÂÊ�ä (3-1-11)

Ý þ¤�¢ ,A ,m � n ÅþÂ �� õ Âû ý�Â � �î ´¨� üðÄþø ßþ� ý�¤�¢ (m� n ÅþÂ �� õ � ÷�Ú þ) Ý�û¢üõ

.A+ O = O + A = A

¢�ªüõ ÓþÂã� bij = �aij �� �î �A = [bij] ÅþÂ��õ ,A = [aij ] ý�Â� .��þÂì ÂÊ�ä (4-1-11)

.A + (�A) = (�A) + A = O �î ´¨� üðÄþø ßþ� ý�¤�¢ (ÅþÂ��õ �÷�Úþ)

bij = raij ñ�õÂê �� rA = [bij ] ÅþÂ��õ ,r 2 R ø Àª�� m� n ÅþÂ��õ ×þ A = [aij ] Âð� ñ��

´¨�¤Â¨ Ã�÷ Âþ¥ «��¡ Õ�Ö½� .À÷�ªüõ �Â® r ¢Àä ¤¢ A ý�û�þ�¤¢ �b Þû ü�ãþ ,¢�ªüõ ÓþÂã�

:´¨�

�ûÅþÂ��õ ¤¢ ¢�Àä� �Â® üþ�Àµ�� «��¡ (2-11)

.A ÅþÂ��õ Âû ý�Â� 1 � A = A (1-2-11)

.r; s üÖ�Ö� ¢Àä �ø¥ Âû ø AÅþÂ��õ Âû ý�Â� (rs)A = r(sA) (2-2-11)

.r; s üÖ�Ö� ¢Àä �ø¥ Âû ø AÅþÂ��õ Âû ý�Â� (r + s)A = rA+ sA (3-2-11)

.B ø A ùb¥�À÷� Ýû ÅþÂ��õ ø¢ Âû ø r üÖ�Ö� ¢Àä Âû ý�Â� r(A+B) = rA+ rB (4-2-11)

¼�®�� �î °¨��õ ý�ûù¥�À÷� ý�ûÅþÂ��õ ß���õ Ã�÷ �ûÅþÂ��õ �Â® ô�úÔõ ,��� ���ÜÞä Â� ùø�ä
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n � p ÅþÂ��õ ×þ B = [bij] ø m� nÅþÂ��õ ×þ A= [aij ] Âð� .¢�ªüõ ÓþÂã� ,Àª Àû��¡ ù¢�¢

:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ,AB = [cij] ,�Â®Û¬�� ÅþÂ��õ ,Àª��

cij = ai1b1j + ai2b2j + � � �+ ainbnj (2)

B ý�ûÓþ¢¤ ¢�Àã� Â��Â� Aý�ûö�µ¨ ¢�Àã� �î ´¨� ßþ� �Â®Û¬�� ÓþÂã� �b õ¥� �î À��î ����

ÅþÂ��õ ô� iÓþ¢¤ üÜ¡�¢ �Â®Û¬�� �¤ cij ö���üõ âì�ø ¤¢ ø ¢¤�¢ ü�ãõ (2) �¤�±ä ßþ�Â���� ,Àª��

.¢Âî üÖÜ� (bj1; : : : ; bnj) üþ�� n ö���ä �� ,B ÅþÂ��õ ô� j ö�µ¨ �� (ai1; : : : ; ain) üþ�� n ö���ä �� A

.¢Âî Ý�û��¡ ü¨¤Â� ùÀ�þ� �bÆÜ� ¤¢ �¤ ÓþÂã� ßþ� ùbÃ�Ú÷�

�ûÅþÂ��õ �Â® üþ�Àµ�� «��¡ (3-11)

p� q ø n � p ,m� n °��Â� �� ùb¥�À÷� ý�¤�¢ ý�ûÅþÂ��õ C ø B ,A .ýÂþÁ�´îÂª (1-3-11)

:�¤�¬ ßþ� ¤¢ .À�µÆû

(AB)C = A(BC)

Ýþ¤�¢ .üÈ¿� ö�÷�ì (2-3-11)

(A+B)C = (AC) + (AB) ; A(B + C) = (AB) + (AC)

.Àª�� °¨��õ ùÀª Âî£ ���ÜÞä ý�Â� ë�ê ý�ûÅþÂ��õ ùb¥�À÷� �î ßþ� Â� ¯øÂÈõ

:�î ¢�ªüõ ÓþÂã� �¤�¬ ßþÀ� In = [�ij ] ,n� n À��ø ÅþÂ��õ (3-3-11)

�ij =

(
1 i = j

0 i 6= j
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:Ýþ¤�¢ ,B ,n � p ÅþÂ��õ Âû ø ,A ,m� nÅþÂ��õ Âû ý�Â�

A � In = A ; In �B = B

¤�Áð�ø ùÀ� ÷��¡ �� �ú ÷� Õ�Ö½� ø À÷Â �ù¢�¨ ÂÚþ¢ ý��ø¢ ,Ý� �îüõ ���¤� �¤ (1-3-11) ��± ��

,BC = [eij ] ,AB = [dij] ,C = [cij ] ,B = [bij ] ,A = [aij ] À�Æþ��� (1-3-11) ý�Â� .¢�ªüõ

:Ý��îüõ ÛÞä �ûÅþÂ��õ �Â®Û¬�� ÓþÂã� Õ±Ï .A(BC) = [yij ] ø (AB)C = [xij ]

xij = =
pX

i=1

dikckj

=
pX

k=1

(
nX

l=1

ailblk)ckj

=
pX

k=1

nX
l=1

ailblkckj

=
nX

l=1

ail(
pX

k=1

blkckj)

=
nX

l=1

ailelj

= yij

.À¨¤üõ ��±�� �� ÝØ� ø

Àª�� ü÷Àª ÓþÂã� Ã�÷ BA ¢¤�À÷ üõøÃó ,Àª�� ùÀª ÓþÂã� AB Âð� �î ´¨� Âî£ Û��ì �¹�þ� ¤¢

ßþ� ø ,Àª�� B ý�ûÓþ¢¤ ¢�Àã� Â��Â� A ý�ûö�µ¨ ¢�Àã� �î ´¨� ßþ� ôÃÜµÆõ AB ÓþÂã� �î �Âþ¥

ø¢ Âû BA ø AB Âð� üµ� .À�îüÞ÷ Aý�ûÓþ¢¤ ¢�Àã� �� B ý�ûö�µ¨ ¢�Àã� ýÂ��Â� ¢¤�õ ¤¢ üÞØ�

×þ B ø 1 � n ÅþÂ��õ ×þ A Âð� �f ·õ ,À�ª�� ù¥�À÷� ×þ ø¢ Âû ¢¤�À÷ üõøÃó ,À�ª�� ü÷ÀªÓþÂã�
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,n > 1 ,À�ª�� n � 1ÅþÂ��õ

A = [a1 : : : an] ; B =

2
64
b1...
bn

3
75

´¨� n � n ÅþÂ��õ ×þ BA �î üó�� ¤¢ ,¢�ªüõPn
i=1 aibi �b þ�¤¢ ×� �� ,1� 1ÅþÂ��õ ×þ AB

,n � 2 � � ,n� n ø¢ Âû B ø A Âð� üµ� .bjai ¥� ´¨� �¤�±ä ö� ô� j ö�µ¨ ø ô� iÓþ¢¤ �b þ�¤¢ �î

:�f ·õ ,´Æ�÷ BA ø AB ýø�Æ� Â� üõøÃó ,À�ª��
"
1 1

0 0

# "
0 0

1 1

#
=

"
1 1

0 0

#
;

"
0 0

1 1

# "
1 1

0 0

#
=

"
0 0

1 1

#

AIn = InA �î ¢�ªüõ �¹�µ ÷ 3-3-11 ¥� ,A ,n � n ÅþÂ��õ Âû ø In ÅþÂ��õ ¢¤�õ ¤¢ �µ ± ó�

.(A =)

ßØÞõ Çþ�Þ÷ �¨ ö��î� ,x= (x1; : : : ; xn) �f ·õ ,¢�Àä� ¥� °�Âõ üþ�� ��n×þ ý�Â� �î À��î ����

,1 � n ÅþÂ �� õ ×þ �¤�¬ � � ÂÚþ¢ ,¢¤�¢ ý¤�¢Â � ÝÆ¹� �f �Þãõ �î �� � �¤�¬ � � üØ þ ,Ý þ¤�¢

�¨ ßþ� ß� � �î ´¨� ô¥� °Üè� :

2
64
x1
...
xn

3
75 ,n � 1ÅþÂ��õ ×þ �¤�¬ �� ùÂ¡�� � ø [x1 : : : xn]

üþ� � n ù� ðÂ û ,¤�Ñ � õ ß þ� ý�Â � .¢�È ÷ Û¬�� ��� ÜÞä ¤¢ üõ� ú �� � � Ý þ�ª Û �� ì Ã þ� Þ � Çþ�Þ ÷

�� ù�ðÂû ø ,Ý�û¢üõ Çþ�Þ÷ hxj �� �¤ ö� ,¢�ª �µª�÷ 1� n ÅþÂ��õ ×þ �¤�¬ �� x = (x1; : : : ; xn)

.Ý�û¢üõ Çþ�Þ÷ jxi �� �¤ ö� ,¢�ª ù¢�¢ Çþ�Þ÷ n � 1ÅþÂ��õ ×þ �¤�¬

.Ýþ¥�¢Â�üõ ´¨� \üÎ¡ ý�û´ª�Ú÷" �î §¤¢ üÜ¬� á�®�õ �� ,�ûÅþÂ��õ ¢¤�õ ¤¢ �õÀÖõ ßþ� ��

�� �î À�� Âû ´ê¤ À�û��¡ ¤�î�� é¢�Âµõ �f õ�î �¤�¬ �� �¹�þ� ¤¢ \ÛþÀ±�" ø \´ª�Ú÷" ,\â���" ��ÞÜî

,À�ª�� �ä�Þ¹õ ø¢ T ø S Âð� .¢�ªüõ ��Öó� ��ÞÜî ßþ� ¥� ü�ø�Ôµõ ü�û£ Âþø�Ê� üû�ð ü¿þ¤�� à�½ó

ÂÊ�ä ,S ¥� s ÂÊ�ä Âû �� �î ´¨� f ü÷�÷�ì ,T �� S ¥� (ÛþÀ±� = ,´ª�Ú÷ =) â��� ×þ ¥� ¢�ÊÖõ

üµìø �f �Þãõ \â���" �b ÞÜî �µªÁð ¤¢ .f : S �! T Ý�Æþ�÷üõ .Àû¢üõ ´±Æ÷ T ¥� f(s) üÊ¿Èõ

�ä�Þ¹õ ×þ ¥� ý�ûâ��� ü�ãþ ,S = T ´ó�� ¤¢ \ÛþÀ±�" ,Àª�� C �þ R Â��Â� T �î ´¨� �µê¤üõ ¤�î��
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ß��� �õ .´¨� �µê¤üõ ¤�î�� ,1 ¥� Âµð¤Ã� m;n ,Rn �! R
m ý�ûâ��� ý�Â� \´ª�Ú÷" ø ,ö� ¢�¡ ��

�¤ T �b ä�Þ¹õ ø ,(øÂÞÜì =) ��õ�¢ �¤ S �b ä�Þ¹õ ,f : S �! T â��� ý�Â� .Ýþ�ªüÞ÷ Ûþ�ì üþ�ûÃþ�Þ�

f ´½� S Âþ�Ê� �þ ,f Âþ�Ê� ,´¨� T �b ä�Þ¹õÂþ¥ ×þ �î ff(s) j s 2 Sg �ä�Þ¹õ .Ý�õ�÷üõ ¢Â�e

ù¢�¢ Çþ�Þ÷ f(E) �� �î ,f ´½� E Âþ�Ê� ,S ¥� E �b ä�Þ¹õÂþ¥ Âû ý�Â� âì�ø ¤¢ .¢�ªüõ ùÀ÷��¡

:�¤�¬ �� ¢�ªüõ

f(E) = ff(s) j s 2 Eg

Àû¢ �¹�µ÷ ù¤��Þû f(s1) = f(s2) �î ü�¤�¬ ¤¢ Ý�õ�÷üõ ×þ �� ×þ �¤ f â��� .¢�ªüõ ÓþÂã�

üã��� ,f : S �! T ,�ª�� ø ×þ �� ×þ ý�ûâ��� ý�Â� .f(S) = T Âð� Ý�õ�÷üõ �ª�� f ø ,s1 = s2

.Ý�û¢üõ Çþ�Þ÷ f�1 : T �! S �� �î ¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� (f §�Øãõ �þ) f öø¤�ø ô�÷ ��

×þ �� ×þ f ö�� ùø�ä �� .f(s) = t �î ¢¤�¢ ¢��ø S ¥� s ýÂÊ�ä ,´¨� �ª�� f ö�� ,t 2 T ù�ðÂû

ü÷�÷�ì �¤�¬ �� f�1 Å� ,¢�ªüõ ß��ã� ¢Âê �� ÂÊ½�õ ¤�Ï �� s ÂÊ�ä ß��� ,´¨� ùÀª Âê

:Ýþ¤�¢ ø ´¨� ü÷Àª ÓþÂã� f�1(t) = s ô�ú��ü�

f � f�1 = 1T ; f�1 � f = 1S

.x 2 X Âû ý�Â� 1X(x) = x ,´¨� X �bä�Þ¹õ ü÷�Þû â��� 1X ¥� ¢�ÊÖõ �î

�b ä�Þ¹õ f�1(t) ¥� ¢�ÊÖõ .¢ø¤üõ ¤�î�� Ã�÷ Àª�±÷ ü÷Àª ÓþÂã� f�1 üµìø üµ� f�1(t) ¢�Þ÷

:ü�ãþ ,À÷�ªüõ (�µª�Ú÷ =) ù¢�µ¨Âê t �� f ´½� �î ´¨� S ¯�Ö÷

f�1(t) = fs 2 S j f(s) = tg

,Àª�� T ¥� ý��ä�Þ¹õÂþ¥ Y Âð� ,üÜî ¤�Ï �� .Ý�÷��¡üõ t �� ��Æ�õ ¥�Â� �b ä�Þ¹õ üû�ð �¤ f�1(t)

:¢�ªüõ ÓþÂã� �¤�¬ ßþÀ� �î ´¨� S �bä�Þ¹õÂþ¥ ×þ (Y öø¤�ø Âþ�Ê�) f�1(Y ) �bä�Þ¹õÂþ¥

f�1(Y ) = fs 2 S j f(s) 2 Y g
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,f : S �! R
m ý�ûâ��� ,Â�üÜî ¤�Ï �� �þ) f : Rn �! R

m ý�ûâ��� ü¨¤Â� �õ §¤¢ üÜ¬� á�®�õ

üþ�� m×þ ,��õ�¢ ¤¢ üÖ�Ö� ¢�Àä� ¥� °�Âõ üþ�� n Âû �� f â��� ß��� °��Â� ßþÀ� .´¨� (S � R
n

:Àû¢üõ ´±Æ÷ üÖ�Ö� ¢�Àä� ¥� °�Âõ

f(x1; : : : ; xn) = (y1; : : : ; ym) (3)

¥� ×þ Âû ,f1; : : : ; fm â��� m ���¤� À�÷�Þû f ���¤� âì�ø ¤¢ Å� ,´¨� (x1; : : : ; xn) �� �µÆ��ø yi Âû

:Ý�Æþ�÷üõ Ã�÷ Âþ¥ �¤�¬ �� �¤ (3) .i = 1; : : : ; m ,fi(x1; : : : ; xn) = yi ,´¨� R �� Rn

8>>>><
>>>>:

f1(x1; : : : ; xn) = y1

: : :

fm(x1; : : : ; xn) = ym

(4)

.Ý�õ�÷üõ f �Ôó�bõ ×þ �¤ fi Âû ø f = (f1; : : : ; fm) Ý�Æþ�÷üõ üû�ð

×þ fi(x1; : : : ; xn) Âû �î ü�¤�¬ ¤¢ Ý�õ� ÷üõ üÎ¡ �¤ (4) �þ (3) ¤¢ f : Rn �! R
m â�� �

:ü�ãþ ,Àª�� x1; : : : ; xn �� ´±Æ÷ ñø� ��¤¢ ßÚÞû �¤�±ä
8>>>><
>>>>:

y1 = a11x1 + a12x2 + � � �+ a1nxn

: : : : : :

ym = am1x1 + am2x2 + � � �+ amnxn

(5)

��¤¢ ¥� �Þû �¹�þ� ¤¢ ,À÷���¤¢ ×þ ¥� ´¨�¤ ´Þ¨ ��Þ� �b Þû �î ´¨� ßþ� \ßÚÞû" ¥� ¢�ÊÖõ

ø ÝþÂ�Ú� ÂÑ÷ ¤¢ 1 ��¤¢ ÍÖê �¤ ´¨�¤ ´Þ¨ �¤�±ä Âû Âð� .¢¤�À÷ ¢��ø ´��� �b ÜÞ� É¡��� ,1

�÷�ð ßþ� .¢�ª ù¢øÃê� �ÜÞ� Âû �� ´¨� ßØÞõ Ã�÷ ´��� ¢Àä ×þ ,Ý��î éÁ� �¤ ßÚÞû ´þ¢øÀ½õ

:Ý�õ�÷üõ ý�µÆõ �¤ �ûâ���
8>>>><
>>>>:

y1 = a10 + a11x1 + � � �+ a1nxn

: : : : : :

ym = am0 + am1x1 + � � �+ amnxn

(6)
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ø Àþ�üõ ´¨¢�� (a10; : : : ; am0)´��� üþ�� ��m �� (5) â��� ¤�ÀÖõ ñ�Öµ÷� ¥� (6) ý�µÆõ â��� ¤�ÀÖõ

.´Æ�÷ ý�µÆõ ý�ûâ��� �b ÷�ð�À� ü¨¤Â� �� ý¥��÷

ñ�·õ À�� (4-11)

¢Àä ×þ m 2 Rö� ¤¢ �î ´¨� f(x) = mx ÛØª �� f : R�! RüÎ¡ â��� Âû (1-4-11)

üÖ�Ö� ¢�Àä� b ø m ,g(x) = mx+ b ÛØª �� g : R�! Rý�µÆõ ý�ûâ��� .´¨� ùÀª ù¢�¢ üÖ�Ö�

.À�ª��üõ ,ùÀª ù¢�¢

Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ f : R2 �! R
2 (2-4-11)

f(x1; x2) = (2x1;
1

2
x2)

ßþ� ¢ÂØÜÞä .´¨� üÎ¡ f Å� ,À�µÆû (x1; x2) �� ´±Æ÷ ßÚÞû 1 ��¤¢ 1

2
x2 ø 2x1 �¤�±ä ø¢ Âû

ö� �b Ü¬�ê ø Àû¢üõ Çþ�Ãê� Â��Â� ø¢ �� x2 ¤�½õ ¥� �¤ �ÎÖ÷ Âû �Ü¬�ê �î ´¨� �¤�¬ ßþÀ� â���

�� ¯�Æ±÷�) ¢�ªüõ �µª�Ú÷ ö� ¢�¡ �� 2 Å÷�¹� °þÂ® �� x1 ¤�½õ .À�îüõ ÓÊ÷ �¤ x1 ¤�½õ ¥�

(1 ÛØª) .¢�ªüõË±Ö�õ ¢�¡ ýø¤ 1

2
Å÷�¹� °þÂ® �� x2 ¤�½õ ø ,(2 °þÂ®

o A f(A)Bf(B)

C

f(C)

D

f(D)

P

f(P )

Q

f(Q)

R

f(R)

S

f(S)
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:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ f : R2 �! R
2 (2-4-11)

f(x1; x2) = (x1 + x2; x2)

�ÎÖ÷ Âû üóø Àªüõ �µª�Ú÷ ö� ¢�¡ �� x2 = c üÖê� ´¨�¤ Í¡ Âû �î À��î ���� .´¨� üÎ¡ f

x1 ¤�½õ ý��� üÖê� ´¨�¤ ¯�Î¡ °��Â� ßþÀ� .À��þüõ üÖê� ñ�Öµ÷� c ¤�ÀÖõ ù¥�À÷� �� Í¡ ßþ� ýø¤

Â¨ x1 ¤�½õ ¯�Ö÷ .À÷Ãçóüõ ¢�¡ ýø¤ ²� ´Þ¨ �� x1 ¤�½õ ß�þ�� üÖê� ¯�Î¡ ø ´¨�¤ éÂÏ ��

.À�÷�õüõ ´��� ¢�¡ ý��

o
x1

P f(P )

Qf(Q)

Â ð� .À þÂ � Ú � Â Ñ ÷ ¤¢ �¤ � �b þø�¥ � � R2 ¤¢ 0 ñ� � ö�¤ø¢ (R2 ¤¢ 0 ñ� � ö�¤ø¢) (3-4-11)

:À þÂ � Ú � Â Ñ ÷ ¤¢ ü ± Î ì �¤�¬ � � ö� Ç þ� Þ ÷ ,À ª� � � ½ Ô¬ ¤¢ 0 6= ý�� Î Ö ÷ x = (x1; x2)

.x2 = jxj sin � ,x1 = jxj cos�

O

(x1; x2) = x

�
�

:¢�ªüõ f(x1; x2) ü±Îì Çþ�Þ÷ ,Ý�û¢ Çþ�Þ÷ f : R2 �! R
2 �� �¤ 0 ñ�� � �b þø�¥ ö�¤ø¢ Âð�

f(x1; x2) = (jxj cos(� + �); jxj sin(� + �))

= (jxj cos� cos�� jxj sin � sin �; jxj sin� cos�+ jxj cos� sin�)

= ((cos�)x1 � (sin�)x2; (sin�)x1 + (cos�)x2)
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.´¨� üÎ¡ f Å� ,´¨� (x1; x2) �� ´±Æ÷ ßÚÞû ×þ ��¤¢ â��� ×þ f �b Ôó�bõ ø¢ ¥� ×þ Âû

�¤ f : Rn �! R
m ø n > m À��î Âê (ü��Êµ¿õ ý�ÌêÂþ¥ ×þ ýø¤ Ý��ì Âþ�Ê�) (4-4-11)

À��î ÓþÂã� Âþ¥ �¤�¬ ��

f(x1; : : : ; xn) = (x1; : : : ; xm)

m ¥� ÛØÈµõ ,(x1; : : : ; xm) �� �¤ (x1; : : : ; xn) �bÎÖ÷ �î ´¨� ßþ� ö� ¢ÂØÜÞä ø ´¨� üÎ¡ â��� ßþ�

ýø¤ (x; y; z) Ý��ì Âþ�Ê� f(x; y; z) = (x; y) ,m = 2 ø n = 3 ý�Â� �f ·õ .¢¤�Ú÷üõ ,ö� ñø� �b Ôó�b õ

.´¨� xy �b½Ô¬

:À��î ÓþÂã� Âþ¥ �¤�¬ �� �¤ f : R2 �! R
4 (5-4-11)

f(x1; x2) = (x1; x1 � x2;2x1 + x2;�x2)

.´¨� üÎ¡ â��� ßþ� ,´¨� (x1; x2) �� ´±Æ÷ ßÚÞû ×þ �b�¤¢ �¤�±ä ×þ f �Ôó�bõ Âû ö��

:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� f : R3 �! R
2 (6-4-11)

f(x1; x2; x3) = (x1 � x2 + x3; x1x2)

.´Æ�÷ ×þ �b�¤¢ ¥� x1x2 ü�ãþ ,f ôø¢ �Ôó�bõ �Âþ¥ ´±Æ÷ üÎ¡ â��� ßþ�

Âþ¥ �¤�¬ �� �¤ (5) ö���üõ �î À��î ���� .Ý��îüõ ö��� �¤ �ÆÜ� ßþ� ¶½� ø¢ ö��õ ¯�±�¤� ö��î�

:´ª�÷
2
64
y1...
ym

3
75 =

2
64

a11 : : : a1n... ...
am1 : : : amn

3
75
2
66664
x1...

xn

3
77775 (7)

:Ã��õ ¤�Ï �� �þ

jyi = Ajxi (8)
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×þ ¤¢ �¤ (5) ¤¢ aij °þ�Â® �î ¢�ªüõ Û¬�� �¤�¬ ßþÀ� üÎ¡ â��� ×þ ¤�ÀÖõ �b ±¨�½õ ü�ãþ

°��Â� ßþÀ� .Ý��îüõ �±¨�½õ jxi ö�µ¨ �� �¤ ÅþÂ��õ ßþ� �Â®Û¬�� ø Ý�û¢üõ ¤�Âì m� nÅþÂ��õ

.¢�ªüõ ¢�¹þ� m � n ý�ûÅþÂ��õ ø Rn �! R
m üÎ¡ ý�ûâ��� ö��õ ×þ �� ×þ ÂÒ��� ×þ

:¥� À��¤�±ä ß�þ�� �� ��� ¥� °��Â� �� ¯��Âõ ý�ûÅþÂ��õ ,��� üÎ¡ ý�ûñ�·õ ý�Â�

[m]

"
2 0

0
1

2

#

"
1 1

0 1

#

"
cos� � sin�
sin� cos�

#

2
64
1 O

. . . O

O 1

3
75

2
6664
1 0

1 �1
2 1

0 �1

3
7775

,ñø�Àµõ �b þ�� ý�Ìä� Â� üÎ¡ â��� ÛÞä ö���üõ üÎ¡ â��� ×þ �� ÂÒ��µõ ÅþÂ��õ �� ö¢Âî ù�Ú÷ ��

jeji ö�µ¨ ¤¢ ²� ´Þ¨ ¥� A = [aij ] ÅþÂ��õ Âð� �î À��î ���� .´ê�þ ¤¢ �f¤�ê �¤ ,e1; : : : ; en ü�ãþ

¯��Âõ ÅþÂ��õ ßµª�÷ ý�Â� ,°��Â� ßþÀ� .Àþ�üõ ´¨¢��

2
64
a1j...
amj

3
75ÅþÂ��õ ô� ��j ö�µ¨ ,¢�ª �Â®

¤¢ °��Â� �� �¤ Û¬�� ¸þ�µ÷ ø Ý��î �±¨�½õ �¤ f(en) , : : : ,f(e1) ´¨� üê�î ,f üÎ¡ â��� ×þ ��

.Ý��î �¤¢ ô� n �� ñø� ý�ûö�µ¨
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