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Àª�� ùÀª ÓþÂã� Âþ¥ �Î��® �� T : R3 �! R
3 ´ª�Ú÷ À��î ­Âê (1

T (x1; x2; x3) = (x1 � x2 + 2x3;2x1 + x2;�x1 �2x2 + 2x3)

.´¨� üÎ¡ T À�û¢ ö�È÷ (Óó�

.´¨� T ¢Â� ¤¢ (a; b; c) ¤�¢Â� ,a; b; cýø¤ üÎþ�Âª �� ´½� (�

.´¨� T �µÆû ¤¢ (a; b; c) ¤�¢Â� ,a; b; cýø¤ üÎþ�Âª �� ´½� (�

.À����� T �µÆû ø ¢Â� ý�Â� ý��þ�� (¢

ý�Â� Å³¨ ø À�ª�� ���� üû��µõ�÷ ¢�Àã� ý�¤�¢ ùÀª ù¢�¢ ý�ûù�Úµ¨¢ �î À��î ß��ã� ý¤�Ï �¤ k (2

.À��î Û� �¤ ù�Úµ¨¢ ùÀõ� ´¨¢�� Âþ¢�Öõ
8>>>><
>>>>:

x1 � x2 + (k � 1)x3 = 0

2x1 + kx2 � 4x3 = 0

(k+ 2)x2 �8x3 = 0

(Óó�

8>>>><
>>>>:

x1 � x2 + 2x3 = 5

2x1 + 2x2 � 2x3 = k � 3

3x1 + kx2 = 3

(�

Àª�� A =

2
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1 0 �1 1

0 1 0 2

1 1 �1 3

3
75ÅþÂ��õ �� üÎ¡ ÛþÀ±� T Âð� (3

.À����� T �µÆû ø ¢Â� ý�Â� ý��þ�� (Óó�

Aü÷� µ ¨ ý�Ìê ö� � � � î) Aý�ûö� µ ¨ Í¨� � ùÀª À� ó� � ý�Ìê � î À�Æ þ� � � üû�Ú µ¨¢ (�

.Àª�� ö� ���� ý�Ìê ,(À�þ�ðüõ
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�¤ W (À�þ�ðüõ AýÂÎ¨ ý�Ìê ö� �� �î) ,Àª�� Aý�ûÂÎ¨ Í¨�� ùÀª À�ó�� ý�Ìê W Âð� (�

.ker(T ) = W? À�û¢ ö�È÷ ø À��î �±¨�½õ

¤�¢�Þ÷ À�û¢ ö�È÷ ù�Ú÷� f(x) = (f1(x); f2(x); � � � ; fm(x)) ø Àª�� üÎ¡ ÛþÀ±� f : Rn �! R
m Âð� (4

.´¨� Rn+m ¥� ýÀã� ��n ý¤�¢Â� ý�ÌêÂþ¥ ×þ Âþ¥ �ä�Þ¹õ ü�ãþ

diag(f) = f(x1; � � � ; xn; f1(x); � � � ; fm(x)) j x 2 Rng

Ý��îüõ ÓþÂã� E � Rn Âû ý�Â� .´¨� ­øÂÔõ T : Rn �! R
m üÎ¡ ÛþÀ±� (5

T (E) = fT (e) j e 2 Eg

üû��¿ó¢ Àó�õ E � Rn Âð� �î ´¨� ßþ� Àª�� �ª�� T �Ø�þ� ý�Â� üê�î ø ô¥� ¯Âª À�û¢ ö�È÷ (Óó�

.Àª�� Rm ý�Â� ýÀó�õ T (E) ù�Ú÷� ,Àª�� Rn ý�Â�

¥� ý��ä�Þ¹õ E Âð� �î ´¨� ßþ� Àª�� ×þ �� ×þ T �Ø�þ� ý�Â� üê�î ø ô¥� ¯Âª À�û¢ ö�È÷ (�

.Àª�� üÎ¡ ÛÖµÆõ Rm ¤¢ T (E) ù�Ú÷� ,Àª�� Rn ¤¢ üÎ¡ ÛÖµÆõ ý�û¤�¢Â�

ý�Â� �þ�� Âû �î ´¨� ßþ� ,Àª�� �ª�� ø ×þ �� ×þ T �Ø�þ� ý�Â� üê�î ø ô¥� ¯Âª À�û¢ ö�È÷ (�

.À�î Âþ�Ê� Rn ý�Â� ý��þ�� �� �¤ Rn

R
n ¢¤�À÷�µ¨� �þ�� B = fe1; � � � ; eng Âð� .´¨� ­øÂÔõ AÅþÂ��õ �� T : Rn �! R

n üÎ¡ ÛþÀ±� (6

�î ´¨� ßþ� Àª�� Rn ý�Â� ý��Øþ Àõ�ãµõ �þ�� T (B) �Ø÷� ý�Â� üê�î ø ô¥� ¯Âª À�û¢ ö�È÷ Àª��

(.À�õ�÷ üõ Àõ�ãµõ ÛþÀ±� �¤ T �¤�¬ ßþ� ¤¢) .A�1 = AT

� �þø�¥ �� �¤ �bÀ±õ ¥� ùÀ÷¤Áð Ãþ�Þµõ Í¡ ø¢ ¯�Ö÷ �Þû �î Àª�� üÎ¡ ÛþÀ±� T : R2 �! R
2 À��î ­Âê (7

.Àþ¤ø� ´¨¢�� �¤ T �bÎ��® .Àû¢üõ ö�¤ø¢ �bÀ±õ ñ��

M �Ø � þ� ý�Â � üê�î ø ô¥� ¯Âª À�û¢ ö�È÷ .Àª� � Rn ¤¢ üú �� ÷ ý��ä�Þ¹õÂ þ¥ M À� � î ­Âê (8

.ru� rv+w 2M Ý�ª�� �µª�¢ r 2 R Âû ø u; v; w 2M Âû ý�Â� �î ´¨� ßþ� ,Àª�� ß�ê� ý�ÌêÂþ¥
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ý�û�ÌêÂþ¥ ¥� ×þ Âû Âþ�Ê� .´¨� ­øÂÔõ A =

2
64

1 �1 1

0 1 �2

�1 2 �3

3
75ÅþÂ��õ �� T üÎ¡ ÛþÀ±� (9

.À����� T ´½� �¤ ùÀª ù¢�¢

. x
1
= y+1

2
= z
�1

(Óó�

.x+ 2y � z = 3 (�

.x � y + z = 2 (�

.dim(ker(T )) � n À�û¢ ö�È÷ T � T = 0 �î Àª�� ö��� T : R2n �! R
2n üÎ¡ ÛþÀ±� Âð� (10

�î ´¨� ¢���õ C üã�Âõ ÅþÂ ��õ À� �î ´�� � ,AB = 0 �î À�ª� � n � n ý�ûÅþÂ��õ A;B Âð� (11

.CA = 0

A ý�ûö�µ¨ �î ´¨� ßþ� ,Àª�� ÂþÁ�öø¤�ø Aüã�Âõ ÅþÂ��õ �Ø�þ� ý�Â� üê�î ø ô¥� ¯Âª À��î ´��� (12

.À�ª�� üÎ¡ ÛÖµÆõ

À�û¢ ö�È÷ À�ª�� Rn ¤¢ ù��¿ó¢ ¤�¢Â� ø¢ u; v ø Àõ�ãµõ üÜþÀ±� T Âð� (13

.jT (u)j = juj ü�ãþ ´¨� ñ�Ï Ðê�� T (Óó�

.´¨� � Â��Â� Ã�÷ T (v) ø T (u) ß�� �þø�¥ ,Àª�� u; v ß�� �þø�¥ � Âð� ü�ãþ ´¨� �þø�¥ Ðê�� T (�

.det(A) = det(AT ) À��î ´��� ,Àª�� üã�Âõ ÅþÂ��õ AÂð� (Óó� (14

.det(A) ´¨� ��ÜÎõ ,Àª�� A ÅþÂ��õ �� Àõ�ãµõ üÜþÀ±� T Âð� (�

Í¡ ×þ �� ´±Æ÷ ö¤�Ö� �þ �bÀ±õ ñ�� ö�¤ø¢ T À��î ´��� ,Àª�� Àõ�ãµõ üÜþÀ±� T : R2 �! R
2 Âð� (�

.´¨� �bÀ±õ ¥� ùÀ÷¤Áð ´¨�¤

À��î ´��� À�ª�� üÎ¡ ý�ûÛþÀ±� g : Rm �! R
p ø f : Rn �! R

m Âð� (15

�±�¤ (f � g) � �±�¤ (f)
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À��î ´��� À�ª�� A;AT ý�ûÅþÂ��õ �� üÎ¡ ý�ûÛþÀ±� f; g Âð� (16

�±�¤ (g � f) = �±�¤ (f)

.det(AB) = 0 À��î ´��� ,m > n �î À�ª�� n �m ø m� n ý�ûÅþÂ��õ °��Â� �� A;B Âð� (17

,Àª�� ¢Âê �� ÂÊ½�õ ���� ý�¤�¢ AX = b ù�Úµ¨¢ b 2 Rn ×þ ý�Â� ø Àª�� n� n üÆþÂ��õ A Âð� (18

.¢¤�¢ ¢Âê �� ÂÊ½�õ ���� AX = b ù�Úµ¨¢ b 2 Rn Âû ý�Â� À��î ´���

u ö�¤ø¢ ¥� �î Àû¢üõ ´±Æ÷ �¤ T�(u) ö�� ý¤�¢Â� ,u 2 R3 ¤�¢Â� Âû �� �î Àª�� üã��� T� À��î ­Âê (19

Â� ¢�Þä ý��½Ô¬ ¤¢ u üþ�úµ÷� �b ÎÖ÷ ö�¤ø¢ üÏ ¤¢ ø) Àþ�üõ ´¨¢�� �û z ¤�½õ ñ�� � ù¥�À÷� ��

.´¨� üÎ¡ üÜþÀ±� À�û¢ ö�È÷ ø À����� �¤ T� .(À÷�õüõ üì�� �û z ¤�½õ

T �õ� ,T (ru) = rT (u) Ý�ª�� �µª�¢ r 2 R Âû ø u 2M Âû ý�Â� �î À�÷Ã� ñ�·õ T : R3 �! R
3 â��� (20

.Àª�±÷ üÎ¡

¥� p �Ü¬�ê l¯�Ö÷ ¥� p �Ü¬�ê Ûì�À� À��î ´��� ,À�ª�� Rn ¤¢ Í¡ ×þ ø �ÎÖ÷ ×þ °��Â� �� l ø p Âð� (21

.´¨� l Â� ¢�Þä ø p ¥� ùÀ÷¤Áð �½Ô¬Â�� âÏ�Ö� �ÎÖ÷

ùÀª À�ó�� ý�ÌêÂþ¥ ýø¤ ö� Ý��ì Âþ�Ê� �� �¤ �ÎÖ÷ Âû �î Àª�� üã��� T : Rn �! R
n À��î ­Âê (22

.(0 < k < n) .Àû¢üõ ´±Æ÷ Rn ¢¤�À÷�µ¨� �þ�� ¥� ù��¿ó¢ �Ìä k Í¨��

.´¨� üÎ¡ üÜþÀ±� À�û¢ ö�È÷ ø Àþ¤ø� ´¨¢�� �¤ T �Î��® (Óó�

.À����� T �µÆû ø ¢Â� ý�Â� ý��þ�� (�
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