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TNIT 5: 
1atrices - Rank of a Matrix - Eigen Values, Eigen Vectors - Cayley' s Hamilton Theorem -
erification of Cayley' s Hamilton theorem. 
:hapter 2 :Sections 1-14,16-16.5 of Text Book 3) 
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wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

jPh;f;f:  �( − 5�� + 4�� + 8� − 8 = 0 . ,r;rkd;ghl;bd; xU %yk; 1 − √5. 

kQi<U;kQi<U;kQi<U;kQi<U;!!!!

tpjKW vz; %yq;fs; N[hbahfNt tUk; vd;gjhy; 1 + √5 -k; kw;nwhU %ykhFk;.. 

,k;%yq;fis nfhz;l fhuzpfs; 

0� − 1 + √510� − 1 − √51 

, i.e., �� − 1�� − 5 

i.e., �� − 2� − 4. 

  �( − 5�� + 4�� + 8� − 8 I �� − 2� − 4 My; tFf;f fpilf;Fk; <T  �� − 3� + 2. 
0sle<him<ce<!&zr<gt<! 1 ± √5, 1, 2. 

hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1. gpd;tUtdtw;is  %ykhf nfhz;l tpfpjKW vz; nfOf;fis cila 

rkd;ghl;il mikf;f. 

(i) 4√3, 5 + 2√−1   (uqjm;!uqjm;!uqjm;!uqjm;!HI − ,JH/ − ,KHL + IMJH − ,/KL = J)  

(ii) −√3 + √−2     (uqjm;uqjm;uqjm;uqjm;HI − LHL + LN = J� 

2.jPh;f;f:  �( + 2�� − 5�� + 6� + 2 = 0  rkd;ghl;bd; xU Kyk; 1 + √−1  vdf; 

nfhLf;fg;gl;Ls;sJ. (uqjm;uqjm;uqjm;uqjm;−L ± √/ ;  , ± √−1   /*/*/*/* 
3. jPh;f;f: 3�� − 4�� + � + 88 = 0.  ,jd; xU %yk;  2 − √−7. (uqjm;uqjm;uqjm;uqjm;L ± √−7  ;  − M/*!*!*!*! 

4.jPh;f;f:�( − 6�� + 11�� − 10� + 2 = 0. ,jd; xU %yk; 2 + √3 . (uqjm;uqjm;uqjm;uqjm;L ± √/ ; , ± P� 

sle<him<ce<!&zr<gtsle<him<ce<!&zr<gtsle<him<ce<!&zr<gtsle<him<ce<!&zr<gt<!lx<Xl<!og+g<gTg<Gl<!dt<t!okimi<H<!lx<Xl<!og+g<gTg<Gl<!dt<t!okimi<H<!lx<Xl<!og+g<gTg<Gl<!dt<t!okimi<H<!lx<Xl<!og+g<gTg<Gl<!dt<t!okimi<H 

wMk<Kg<gim<M;! 2wMk<Kg<gim<M;! 2wMk<Kg<gim<M;! 2wMk<Kg<gim<M;! 2!!!! Show that the roots of the equation �� + ��� + 	� + � = 0  are in 

Arithmetical progression if 2�� − 9�	 + 27� − 0. Show that the above condition is satisfied 

by the equation �� − 6�� + 13� − 10 = 0. Hence or otherwise solve the equation. 
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-r<G!-r<G!-r<G!-r<G!2�� − 9�	 + 27� − 0   weqz<!weqz<!weqz<!weqz<!�� + ��� + 	� + � = 0we<x!sle<him<ce<!&zr<gt<!we<x!sle<him<ce<!&zr<gt<!we<x!sle<him<ce<!&zr<gt<!we<x!sle<him<ce<!&zr<gt<!

w{<!g{qk!okimi<w{<!g{qk!okimi<w{<!g{qk!okimi<w{<!g{qk!okimi<  �� − 6�� + 13� − 10 = 0 !!!!we<x! sle<hiM! Olx<g{<m!fqhf<we<x! sle<hiM! Olx<g{<m!fqhf<we<x! sle<hiM! Olx<g{<m!fqhf<we<x! sle<hiM! Olx<g{<m!fqhf<kjejb!kjejb!kjejb!kjejb!

fqjxU!osb<gqxK!weqz<!sle<him<jm!kQi<g<g/!fqjxU!osb<gqxK!weqz<!sle<him<jm!kQi<g<g/!fqjxU!osb<gqxK!weqz<!sle<him<jm!kQi<g<g/!fqjxU!osb<gqxK!weqz<!sle<him<jm!kQi<g<g/! 

kQi<U;kQi<U;kQi<U;kQi<U; �� + ��� + 	� + � = 0 -d; %yq;fs; � − :, �, � + : vd;f.. 

%yq;fs; kw;Wk; nfOf;fSf;F ,ilNaahd njhlh;gpypUe;J 

 � − : +  � +  � + : = −� 

 �� − :�� +  �� − :��� + :� + ��� + :� = 	 

  �� − :���� + :� = −� 

 3� = −�              ….. (1) 

 3�� − :� = 	      ….. (2) 

            �� − �:� = −�.     ….. (3) 

 (1)zqVf<K, � = − ?� 

 (2) zqVf<K, :� = 3�− ?��� − 	 = ?;� − 	 

-f<k!lkqh<Hgjt (3)z<!lkqh<hqm, fil<!ohXuK, 

Q− �3R� −  Q− �3R S��3 − 	T =  −� 

i.e., 2�� − 9�	 + 27� = 0 

sle<hiM!�� − 6�� + 13� − 10 = 0 z<!

p= -6, q =13, r = -10 

02�� − 9�	 + 27� = 2�−6�� − 9�−6�13 + 27�−10�!
! ! !!!!= 0. 

rkd;ghL  (1), (2), (3) ypUe;J  

 3� = 6          



9 

 

 3�� − :� = 13 

            �� − �:� = 10. 
0!� = 2, 12 − :� = 13.!0:� = −1!
i.e., : = ±7 
vdNt %yq;fs;  2 − 7, 2, 2 + 7 MFk;.  

wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

Find the condition that the roots of the equation ��� + 3��� + 3$� + U = 0  may be in 

geometric progression. Solve the equation 27�� + 42�� − 28� − 8 = 0 whose roots are in 

geometric progression.  

��� + 3��� + 3$� + U = 0we<x!sle<him<ce<!&zr<gt<!ohVg<gt<!okimvig!-we<x!sle<him<ce<!&zr<gt<!ohVg<gt<!okimvig!-we<x!sle<him<ce<!&zr<gt<!ohVg<gt<!okimvig!-we<x!sle<him<ce<!&zr<gt<!ohVg<gt<!okimvig!-Vg<gzil<!Vg<gzil<!Vg<gzil<!Vg<gzil<!

weqz<!nke<!fqhf<kjejb!gi{<g/!-ke<!&zr<gt<!ohVg<gt<!okimi<! weqz<!weqz<!nke<!fqhf<kjejb!gi{<g/!-ke<!&zr<gt<!ohVg<gt<!okimi<! weqz<!weqz<!nke<!fqhf<kjejb!gi{<g/!-ke<!&zr<gt<!ohVg<gt<!okimi<! weqz<!weqz<!nke<!fqhf<kjejb!gi{<g/!-ke<!&zr<gt<!ohVg<gt<!okimi<! weqz<!27�� +42�� − 28� − 8 = 0 we<x!sle<him<jm!kQi<g<gwe<x!sle<him<jm!kQi<g<gwe<x!sle<him<jm!kQi<g<gwe<x!sle<him<jm!kQi<g<g.  

kQi<U;kQi<U;kQi<U;kQi<U; 

sle<him<ce<!&zr<gt< 
VW,k lx<Xl<!kr!we<g/!

0!
VW +  �� + ��� =  − �! !! ! ! ! ! …!)2*!

V;W +  �� + ��� =  − �" !! ! ! ! ! …!)3*!

! !  �� =  − X !! ! ! ! ! …!)4*!

 (1)zqVf<K,  � Q�W +  1 +  �R =  − �!      

 (2)!zqVf<K,  �� Q�W +  1 +  �R =  �"  

xd;iw kw;nwhd;why; tFf;ff; fpilg;gJ � = − "! 

k-d; kjpg;ig (3) y; gpujpapl ehk; ngWtJ  �− "!�� =  − X .  
 0!�$� = ��U.!
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27�� + 42�� − 28� − 8 = 0-y; 
VW +  �� + ��� =  − (��Y!! ! ! ! ! …!)2*!

V;W +  �� + ��� =  − �Z�Y!! ! ! ! ! …!)3*!

! !  �� =  Z�Y!! ! ! ! ! …!)4*!

0� = ��!
-l<lkqh<jh!(4)z<!hqvkqbqm!fil<!ohXuK!

23 [1� +  1 +  �\ =  − 4227 

i.e., 3�� + 10� + 3 = 0 

 (3r+1)(r+3)=0  

r!!!!e<!wz<<zi!lkqh<HgTg<Gl<?!&zr<gt<!−2, �� , − �] NGl</ 
wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4!!!!

 -ke<! &zr<gt<! -jsk<okimi<! weqz<!-ke<! &zr<gt<! -jsk<okimi<! weqz<!-ke<! &zr<gt<! -jsk<okimi<! weqz<!-ke<! &zr<gt<! -jsk<okimi<! weqz<! M,H/ − ,MHL − /^H + M = J we<x!we<x!we<x!we<x!

sle<him<jm!kQi<g<gsle<him<jm!kQi<g<gsle<him<jm!kQi<g<gsle<him<jm!kQi<g<g. 

kQi<U;kQi<U;kQi<U;kQi<U;!!!!!!!!!!!!!!!!

�, B, 9 we<he!&zr<gt<!we<g/ 

   
�= = �< + �> 

nkiuK!29� = B9 + �B                                              …. (1)  

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

 � + B + 9 = �ZZ�       … (2)  

�B + B9 + 9� =  − �_Z�       … (3)   

�B9 =  − ZZ�          … (4)  
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)2*!lx<Xl<!)4*zqVf<K!fil<!ohXuK!

 29� + 9� =  − �_Z� 

nkiuK 3�� =  − �_Z� 

09� = − (�Y          … (5) 

-l<lkqh<jh!(4)z<!hqvkqbqm!fil<!ohXuK!

 B Q (�YR =  − ZZ� 

0!B = ��.!
!)3*!zqVf<K!fil<!ohXuK!!

� + 9 = �ZZ� − �� =  − (]        … (6)  

)6*!lx<Xl<!)7*zqVf<K!fil<!ohXuK!

 � = �]  �`U 9 = − �� 

&zr<gt<! 
�] , �� lx<Xl<!− ��!NGl</!

wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5!!!!

 If the sum of two roots of the equation equals the sum of the other two, prove that �� + 8� = 4�	. 

sle<him<ce<! -V! &zr<gtqe<! %Mkz<! lx<x! -v{<ce<! %MkZg<G! sll<! weqz<!sle<him<ce<! -V! &zr<gtqe<! %Mkz<! lx<x! -v{<ce<! %MkZg<G! sll<! weqz<!sle<him<ce<! -V! &zr<gtqe<! %Mkz<! lx<x! -v{<ce<! %MkZg<G! sll<! weqz<!sle<him<ce<! -V! &zr<gtqe<! %Mkz<! lx<x! -v{<ce<! %MkZg<G! sll<! weqz<!  �� +8� = 4�	.we!fqXUg/we!fqXUg/we!fqXUg/we!fqXUg/!!!!

kQi<U;!kQi<U;!kQi<U;!kQi<U;! 

�, B, 9 lx<Xl<!:! we<he!ogiMg<gh<hm<m!sle<him<ce<!&zr<gt<!we<g/ 

� + B = 9 + :         …(1) 

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

 � + B + 9 + : = −�       … (2)  
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�B + �9 + �: + B9 + B: + 9: =  	     … (3)   

�B9 + �B: + �9: + B9: =  −�       … (4)  

�B9: = )          ….(5) 

)2*!lx<Xl<!)4*zqVf<K!fil<!ohXuK!

2�� + B� = −�        …(6)  

)4*.J!lix<xq!wPk!

 �B + 9: + �� + B��9 + :� =  	  

nkiuK!��B + 9:� + �� + B�� = 	     … (7) !

(4)!.J!lix<xq!wPk  

 �B�9 + :� + 9:�� + B� =  −� 

nkiuK�� + B���B + 9:� = −�      … (8)   

)7*!lx<Xl<!)8*zqVf<K!fil<!ohXuK!

!! �B + 9: + ?;( = 	!!
0!�B + 9: = 	 − ?;( !! ! ! ! ! ! ! …):*!!

)9*zqVf<K!fil<!ohXuK!

! − ?� ��B + 9:� = −�!
nkiuK!�B + 9: = �W? ! ! ! ! ! ! ! …)21*! 

):*!lx<Xl<!)21*!J!yh<hqm!fil<!ohXuK!

	 − ��4 = 2�� !
nkiuK?!4�	 − �� = 8�!
nkiuK?!�� + 8� = 4�	.!
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wMk<Kg<gim<M;!6wMk<Kg<gim<M;!6wMk<Kg<gim<M;!6wMk<Kg<gim<M;!6!!!!

�( − 2�� + 4�� + 6� − 21 = 0 !we<x! sle<him<jm! kQi<g<g;! OlZl<! -ke<! &zr<gTt<!
-v{<M!w{<{tuqz<!slligUl<!wkqi<Gxq!lkqh<hqZl<!dt<tkig!ogiMg<ghm<Mt<tK/!

kQi<U;kQi<U;kQi<U;kQi<U; 

�, B, 9 lx<Xl<!:! we<he!ogiMg<gh<hm<m!sle<him<ce<!&zr<gt<!we<g/ 

-r<G!9 = −:/!
nkiuK!9 + : = 0/!! ! ! ! ! ! …)2*!

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

 � + B + 9 + : = 2        … (2)  

�B + �9 + �: + B9 + B: + 9: = 4      … (3)   

�B9 + �B: + �9: + B9: =  −6       … (4)  

�B9: = −21          ….(5) 

)2*!lx<Xl<!)3*zqVf<K!fil<!ohXuK!� + B = 2! ! ! ! … )7*!!

)4*.J!lix<xq!wPk!

!! ! ! �B + 9: + �� + B��9 + :� = 4!
0!�B + 9: = 4! ! ! ! ! …!)8*!!

)5*.J!lix<xq!wPk!

! ! ! �B�9 + :� + 9:�� + B� = −6!!
! ! ! 0!9:�� + B� = −6!!! ! ! ! … )9*!!

)7*!lx<Xl<!)9*zqVf<K!fil<!ohXuK!9: =  −3!! ! ! ! … ):*!!

Neiz<!9 + : = 0!0!� = √3, : = −√3/!
)8*!lx<Xl<!):*zqVf<K!fil<!ohXuK!�B = 7!
0!� lx<Xl<!B!we<he!�� − 2� + 7 = 0!we<x!sle<him<ce<!&zr<gtiGl</!!
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0!� = 1 + √−6, B = 1 − √−6.!
hbqx<sq!uqeig<gt<;!kQi<g<ghbqx<sq!uqeig<gt<;!kQi<g<ghbqx<sq!uqeig<gt<;!kQi<g<ghbqx<sq!uqeig<gt<;!kQi<g<g!!!!

1. Solve �� − 12�� + 39� − 28 = 0  whose roots are in arithmetical progression. (uqjm;!uqjm;!uqjm;!uqjm;!

2?5?8*!2?5?8*!2?5?8*!2?5?8*! 

2. Find the values of a and b for which the roots of the equation                                             

4�( − 16�� + ��� + �� − 7 = 0 are in arithmetical progression.     

 (uqjm;!uqjm;!uqjm;!uqjm;!a = I bc − I
K , d = LI bc LK^

K    
3. Solve the equation 6�� − 11�� + 6� − 1 = 0 whose roots are in harmonic progression. 

(uqjm;uqjm;uqjm;uqjm;,, ,
L , ,

/) 

4. Solve the equation 6�( − 3�� + 8�� − � + 2 = 0  being given that it has a pair of              

roots whose sum is zero. (uqjm;uqjm;uqjm;uqjm;± P
√/  , ,±√%,N

I  )   
5. Two roots of the equation �( − 6�� + 18�� − 30� + 25 = 0  are of the form � + 7B               

and B + 7�. Find all the roots of the equation. (uqjm;uqjm;uqjm;uqjm;, ± LP , L ± P). 
wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

�, B, 9 we<he!�� + ��� + 	� + � = 0 we<x!sle<him<ce<<!&zr<gt<!weqz< ∑ ��d; kjpg;ig 
nfOf;fspd; thapyhf fzf;fpLf. 

jPh;T:jPh;T:jPh;T:jPh;T: 

 � + B + 9 = −� 

 �B + B9 + 9� = 	 

  �B9 =  −� 

f ��B = ��B + ��9 + B�� + B�9 + 9�� + 9�B 

        = (�B + B9 + 9�)(� + B + 9) − 3�B9 

        =	(−�) − 3(−�) 

        = 3� − �	  
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wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

�, B, 9  lx<Xl<! : !we<he! �( + ��� + 	�� + �� + ) = 0 !we<x! -Vhcs<sle<him<ce<!

&zr<gt<!weqz<!!

(i)∑ �� (ii) ∑ �� B9 (iii)  ∑ �� B� (iv) ∑ �( 

kQi<U;kQi<U;kQi<U;kQi<U; 

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

 � + B + 9 + : = −�       

 �B + �9 + �: + B9 + B: + 9: =  	    

 �B9 + �B: + �9: + B9: =  −�       

 �B9: = )          

 ∑ �� =  �� + B� + 9� + :�   

!! = �� + B + 9 + :�� − 2��B + �9 + �: + B9 + B: + 9:�!
!! = �∑ ��� − 2 ∑ �B!
! = �� − 2	!
!∑ �� B9 = ��B9 + �B: + �9: + B9:��� + B + 9 + :� − 4�B9:!!!!
! !!= �∑ � B9��∑ �� − 4�B9:!
! !!= �� − 4)!
!∑ ��B� = ��B� + ��9� + ��:� + B�9� + B�:� + 9�:�!
! !!= �∑ �B�� − 2 ∑ ��B9 − 6�B9:!
! !!= 	� − 2��� − 4)� − 6)!
! !!= 	� − 2�� + 2)!
! ∑ �( = �∑ ���� − 2 ∑ �� B� !
! = ��� − 2	�� − 2�	� − 2�� + 2)�!
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! =  �( − 4��	 + 2	� + 4�� − 4)!!
wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4!!!!

!! �, B, 9  we<he! �� + ��� + �� + $ = 0 !we<x! sle<him<ce<! &zr<gt<! weqz<?!!�B, B9, 9:!-ux<jx!&zr<gtig!ogi{<m!sle<him<jm!njlg<g/ 
kQi<U;kQi<U;kQi<U;kQi<U; 

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

  � + B + 9 = −� 

 �B + B9 + 9� =  �      

 �B9 = −$          

Okjubie!sle<hiM?!

�� − �B��� − B9��� − 9�� = 0!
nkiuK?!�� − ����B + B9 + 9�� + ���B9 + �B�9 + �B9��� − ��B�9� = 0!
nkiuK?!�� − ����B + B9 + 9�� + ��B9�� + B + 9� − ��B9�� = 0!
nkiuK?!�� − ��� + �$� − $� = 0 

wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5wMk<Kg<gim<M;!5!!!!

! �, B, 9  we<he! �� + ��� + 	� + � = 0 !we<x! sle<him<ce<! &zr<gt<! weqz<?!!!!!!!!!!!!B + 9 − 2�, 9 + � − 2B, � + B − 29 -ux<jx! &zr<gtig! ogi{<m! sle<him<jm!

njlg<g/ 

kQi<U;kQi<U;kQi<U;kQi<U; 

&zr<gt<!lx<Xl<!ogPg<gtqe<!okimi<HgtqzqVf<K!fil<!ohXuK!

  � + B + 9 = −� 

 �B + B9 + 9� =  	      

 �B9 = −�          

Okjubie!sle<hiM?!!
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S1=&zr<gtqe<!%Mkz<!= B + 9 − 2� + 9 + � − 2B +  � + B − 29 

      = 0 

S2= Sum of the products of the roots taken two at a time  

-v{<cve<mig!&zr<gtqe<!ohVg<gx<hzeqe<!%Mkz< 

 = �B + 9 − 2��� 9 + � − 2B� + �B + 9 − 2��� � + B − 29 � + � � + B − 29 �� 9 + � − 2B� 

  = �� + B + 9 − 3���� + B + 9 − 3B� + 2  
  = �−� − 3���−� − 3B� + �−� − 3���−� − 39� + �−� − 39��−� − 3B� 

  = �� + 3���� + 3B� + �� + 3���� + 39� + �� + 39��� + 3B� 

  = 3�� + 6��� + B + 9� + 9��B + B9 + 9�� 

  = 3�� + 6��−�� + 9	 

  = 9	 − 3�� 

 g� = &zr<gtqe<!ohVg<gz<!
!!!= �B + 9 − 2���9 + � − 2B�� � + B − 29�!
!!!=!�� + B + 9 − 3���� + B + 9 − 3B��� + B + 9 − 39�!
!!!!!!!!!!!!= �−� − 3���−� − 3B��−� − 39�!
!!!!!!!!!!!!= −2p� + 3���� + B + 9� + 9���B + B9 + 9�� + 27�B93!!!!
!!!!!!!!!!!!=  −2p� + 3���−p� + 9�	 − 27�3!!!!
!!!!!!!!!!!!= 2�� − 9�	 + 27�!
0!Okjubie!sle<hiM!!

! �� −  g��� +  g�� − g� = 0!
nkiuK?!!

�� +  �9	 − 3���� − �2�� − 9�	 + 27�� = 0!
!
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hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1.  �, B, 9  we<he! �� + ��� + 	� + � = 0 !we<x! sle<him<ce<! &zr<gt<! weqz<?!!!!!!!!!!!!

hqe<uVueux<xqe<!lkqh<jhg<!gi{<g/!

(i) �� + B� + 9�  (uqjm;uqjm;uqjm;uqjm;/ij − i/ − /c� 

(ii) 
=;�>;=> + >;�<;<>  + <;�=; 

<=    (uqjm;uqjm;uqjm;uqjm;
ijc − /. � 

2.  �, B, 9  we<he! �� + 	� + � = 0 !we<x! sle<him<ce<! &zr<gt<! weqz<?!!!!!!!!!!!!

hqe<uVueux<xqe<!lkqh<jhg<!gi{<g/!

 (i) �B + 9��9 + ���� + B�  (uqjm;uqjm;uqjm;uqjm;� − c. 
(ii)

�=�> + �>�< + �<�=   (uqjm;uqjm;uqjm;uqjm;� jc. 
wMk<Kg<gim<M;! 2!wMk<Kg<gim<M;! 2!wMk<Kg<gim<M;! 2!wMk<Kg<gim<M;! 2! �k = �� + � + 1. !!!!sle<him<ce<! &zr<gtqe<! Lh<hcbqe<! %Mkjz!sle<him<ce<! &zr<gtqe<! Lh<hcbqe<! %Mkjz!sle<him<ce<! &zr<gtqe<! Lh<hcbqe<! %Mkjz!sle<him<ce<! &zr<gtqe<! Lh<hcbqe<! %Mkjz!

gi{<g/gi{<g/gi{<g/gi{<g/!!!!Find the sum of the cubes of the roots of the equation �k = �� + � + 1. 
jPh;T: jPh;T: jPh;T: jPh;T:             

nfhLf;fg;gl;l rkd;ghl;il gpd;tUkhW vOjyhk;.  

l��� =  �k − �� − � − 1. 
S3 = 

��m   d; ng*f;fs;  d; ng*f;fs;  d; ng*f;fs;  d; ng*f;fs;    
�0k�n%��%�1�o%�;%�%�  

     = 
��m   d; ng*f;fs;  d; ng*f;fs;  d; ng*f;fs;  d; ng*f;fs;    k% ;pm% qpn�% qpm% qpn% qpo  

     =     "     "      Q5 − ��m − ��nR Q1 − ��m − ��n − ��oR%�
 

     =     "     "      Q5 − ��m − ��nR Q1 + ��m + ��n + ��oR + Q1 + ��m + ��n + ��oR � +  … . 3   
     =     "     "      Q5 − ��m − ��nR �1 + ��m + ⋯ �     = 3. 
wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

�Y + 5�( ∓ 1 vd;w rkd;ghl;bd; %yq;fspd; VohtJ mLf;fpd; $l;Lj;njhif G+r;rpak; 
vdf; fhl;Lf. 



19 

 

kQi<U;!kQi<U;!kQi<U;!kQi<U;! 

fqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hc  

rkd;ghl;il  �Y + ���_ + ���k + ���( + �(�� + �k�� + �_�  + �Y = 0  
vDkhW vLj;Jf; nfhz;lhy;> 

ekf;F fpilg;gJ 

�� = �� = �( = �k = �_ = 0; �� = 5, �Y = 1. 
/ g�� + ��g�u + ��g] + ��gZ + �(gY + �kg_ + �_gk + �Yg( = 0 
nkiuK?!g�� + 5gZ + g( = 0! ! ! ! ! ! … )2*! 

kPz;Lk;>  gZ + ��gY + ��g_ + ��gk + �(g( + �kg� + �_g� + �Yg� = 0 

nkiuK?!gZ + 5gk + g� = 0!! ! ! ! ! ! … )3*! 

Kjy; rkd;ghl;ilg; gad;gLj;j> gk + ��g( + ��g� + ��g� + �(g� + 5�k = 0 
mjhtJ> gk + 5g� = 0       … (3)  

kPz;Lk; g( + ��g� + ��g� + ��g� + 4�( = 0 
mjhtJ> g( + 5g� = 0       … (4)  

kPz;Lk; g� + ��g� + 2�� = 0 
mjhtJ> g� = 0        … (5)  

NkYk;  g� = 0        … (6) 

)5*?!)6*!lx<Xl<!)7*zqVf<K!fil<!ohXuK! g( = 0 

)4*!lx<Xl<!)6*zqVf<K!fil<!ohXuK!gk = 0 

)3*zqVf<K!fil<!ohXuK!gk = 0 

)3*zqVf<K!fil<!ohXuK! gZ = 0 

g(, gZ .e<!lkqh<Hgjt!)2*.z<!hqvkqbqm!fil<!ohXuK!g�� = 0 
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wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

� + � + $ + U = 0 vdpy;  
�k + �k + $k + Uk5 = �� + �� + $� + U�2 . �� + �� + $� + U�3  

vdf; fhl;L. 

jPh;T:jPh;T:jPh;T:jPh;T: 

� + � + $ + U = 0  vd;gjhy; �, �, $, U vd;gd �( + ���� + ���� + +���  + �( = 0   d; 

%yq;fs;. NkYk; �� = 0  

fqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hcfqb,m<me<!Okx<xk<kqe<!hc  

gk + ��g( + ��g� + ��g� + �(g� = 0     …(1)  

g( + ��g� + ��g� + ��g� + 4�( = 0      …(2)  

g� + ��g� + ��g� + 3�� = 0       …(3)  

g� + ��g� + 2�� = 0        …(4)  

g� + �� = 0         …(5)  

(5)ypUe;J ehk; ngWtJ g� = 0 
(4)ypUe;J ehk; ngWtJ g� = −2�� 
(3)ypUe;J ehk; ngWtJ g� = −3�� 
(1)ypUe;J ehk; ngWtJ gk−3����−2���� = 0 
nkiuK!gk = 5����.!

7. 8. ,    gk5 = g�2 . g�3 !
weOu!

�k + �k + $k + Uk5 = �� + �� + $� + U�2 . �� + �� + $� + U�3 . 
!!!!
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i.e.,  �� + x�; �� − x;�n � + xm�m.�; = 0. 
m = 12, vdpy; 

x� , x;�n , xm�m.�; vd;gd KOf;fshfapUf;Fk;.    
vdNt 12 My; ngUf;f 

�� + 122� �� − 12�2( � + 12�2�. 3� = 0 

i.e.,  �� + 3�� − 9� + 24 = 0. 
hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1. Find the equation whose roots are the roots of                                                                            �k + 6�( + 6�� − 7�� + 2� − 1 = 0 with the signs changed.  

(uqjm;uqjm;uqjm;uqjm;    HN − ^HI + ^H/ + {HL + LH + , = J� 
2. Remove the fractional coefficients from the equation  2�� + �� �� − �Z � − ��_ = 0.    
2�� + �� �� − �Z � − ��_ = 0.we<x!sle<him<ce<!hqe<e!ucu!og+g<gjt!fQg<Gg 

(uqjm;uqjm;uqjm;uqjm; H/ + /HL − H − ^ = J�!!!!
nzG!nzG!nzG!nzG!....3333 

Reciprocal Equation!!!!kjzgQp<!sle<hiMkjzgQp<!sle<hiMkjzgQp<!sle<hiMkjzgQp<!sle<hiM 

wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!!!!!

Rkd;ghl;bd; %yq;fis fhz;f.  �k + 4�( + 3�� + 3�� + 4� + 1 = 0 

jPh;T:jPh;T:jPh;T:jPh;T:        

xw;iwg; gbxw;iwg; gbxw;iwg; gbxw;iwg; gb kjzgQp<!sle<hiM!kjzgQp<!sle<hiM!kjzgQp<!sle<hiM!kjzgQp<!sle<hiM! 

�k + 4�( + 3�� + 3�� + 4� + 1.  giv{q!giv{q!giv{q!giv{q! (x+1) 

rkd;ghl;il gpd;tUkhW vOj  

�k + �( + 3�( + 3�� + 3�� + 3� + � + 1 = 0 

i.e.,  �(�� + 1� + 3���� + 1� + 3��� + 1� + 1�� + 1� = 0 
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i.e.,  �� + 1���( + 3�� + 3� + 1� = 0 

 ∴ � + 1 = 0 }� �( + 3�� + 3� + 1 = 0. 
�� My; tFf;ff; fpilg;gJ Q�� + ��;R + 3 Q� + ��R = 0. 
� + �� = ~ vd vLj;Jf; nfhz;lhy;  ∴  �� + ��; = ~� − 2. 
∴  ~� − 2 + 3~ = 0 

∴ ~ = −3 ± √172 . 
/ � + �� = %�±√�Y�  

i.e.,  2�� + 03 + √171� + 2 = 0 

or  2�� + 03 − √171� + 2 = 0. 
,tw;wpypUe;J x d; kjpg;ig fhzKbAk;.  

wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

kQi<g<g;! 6�k − �( − 43�� + 43�� + � − 6 = 0. 
jPh;T:jPh;T:jPh;T:jPh;T:    

xw;iwg; gbxw;iwg; gbxw;iwg; gbxw;iwg; gb kjzgQp<!sle<hiM!!kjzgQp<!sle<hiM!!kjzgQp<!sle<hiM!!kjzgQp<!sle<hiM!! 

� − 1 yV!giv{qyV!giv{qyV!giv{qyV!giv{q     

rkd;ghl;il khw;wp vOj 

6�k − 6�( + 5�( − 5�� − 38�� + 38�� + 5�� − 5� + 6� − 6 = 0 

i.e.,  6�(�� − 1� + 5���� − 1� − 38���� − 1� + 5��� − 1� + 6�� − 1� = 0 

i.e.,  �� − 1��6�( + 5�� − 38�� + 5� + 6� = 0 

∴ � = 1 }� 6�( + 5�� − 38�� + 5� + 6 = 0. 
ehk; jPh;f;f Ntz;baJ  6�( + 5�� − 38�� + 5� + 6 = 0. 
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�� My; tFf;f  6�� + 5� − 38 + k� + _�; = 0 

i.e.,  6 Q�� + ��;R + 5 Q� + ��R − 38 = 0. 
� + �� = ~ vd vLj;Jf; nfhz;lhy;  

 ∴   �� + ��; = ~� − 2. 
6�~� − 2� + 5~ − 38 = 0 

i.e.,  6~� + 5~ − 50 = 0 

i.e.,  �2~ − 5��3~ + 10� = 0. 
∴ ~ = 52  }� − 103  

i.e.,  � + �� = k�  }� � + �� = − �u�  

i.e.,  2�� − 5� + 2 = 0  
}� 3�� + 10� + 3 = 0 

i.e.,  �2� − 1��� − 2� = 0  
}� �3� + 1��� + 3� = 0 

i.e.,  � = ��  }� 2 }� − ��  }� − 3. 
/ rkd;ghl;bd; %yq;fs;  
1, 12 , 2, − 13  & − 3. 
!!!!

wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4!!!!

kQi<g<g;!!

6�_ − 35�k + 56�( − 56�� + 35� − 6 = 0. 
jPh;T:jPh;T:jPh;T:jPh;T:        
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�� − 1  fhuzpfhuzpfhuzpfhuzp  

rkd;ghl;ilkhw;wp vOj  

6��_ − 1� − 35���( − 1� + 56����� − 1� = 0 

i.e.,  6��� − 1���( + �� + 1� − 35���� − 1���� + 1� + 56����� − 1� = 0 

i.e.,  ��� − 1��6�( − 35�� + 62�� − 35� + 6� = 0 

i.e.,  � = 1 }� − 1 }� 6�( − 35�� + 62�� − 35� + 6 = 0. 
�� My; tFf;f 6 Q�� + ��;R − 35 Q� + ��R + 62 = 0. 
� + �� = ~, vd vLj;Jf; nfhz;lhy; 

�� + 1�� = ~� − 2. 
∴ 6�~� − 2� − 35~ + 62 = 0 

i.e.,  6~� − 35~ + 50 = 0 

i.e.,  �3~ − 10��2~ − 5� = 0 

i.e.,  ~ = �u� }� k� 

∴ � + 1� = 103 }� � + 1� = 52 

i.e.,  3�� − 10� + 3 = 0 

 }� 2�� − 5� + 2 = 0 

i.e., �� − 3��3� − 1� = 0  
}� �� − 2��2� − 1� = 0 

i.e., � = 3 }� ��  }� 2 }� ��. 
rkd;ghl;bd; %yq;fs; 1, −1, 3, �� , 2 kw;Wk;  

��. 
hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!



28 

 

hqe<uVl<!sle<hiMgjt!kQi<g<g/!

2/!�( − 10�� + 26�� − 10� + 1 = 0! (uqjm;!uqjm;!uqjm;!uqjm;!/ ± √M, L ± √/)!
3/!4�( − 20�� + 33�� − 20� + 4 = 0! (uqjm;uqjm;uqjm;uqjm; L, ,

L L, ,
L)!

4/!60 �( − 736�� + 1433�� − 736� + 60 = 0!(uqjm;uqjm;uqjm;uqjm;
L
/ , /

L , ,
,J , ,J).!

5/!�k + �( + �� + �� + � + 1 = 0!! (uqjm;uqjm;uqjm;uqjm;−,, ±,±√%/
L )!!

Form of the quotient and remainder when a polynomial is divided by a binomial. 

wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

3�� + 8�� + 8� + 12 MdJ � − 4 My; tFf;fg;gl;lhy; <T kw;Wk; kPjp fhz;f.  
jPh;T:jPh;T:jPh;T:jPh;T:    

4          3     8          8         12  

        12       80       352 

            3     20       88       364 

<T :3�� + 20� + 88    kPjp: 364 
wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

2�_ + 3�k − 15�� + 2� − 4 MdJ 2 My; tFf;fg;gl;lhy; <T kw;Wk; kPjp fhz;f.  
jPh;T:jPh;T:jPh;T:jPh;T: 

-5  2 3 0    0   -15  2       -4 

         -10       35        -175   875      -4300 21490 

 2 -7 35 -175   860      -4298 21486 

<T :2�k − 7�( + 35�� − 175�� + 860� − 4298    
 kPjp: 21486. 

wMk<Kg<gim<MwMk<Kg<gim<MwMk<Kg<gim<MwMk<Kg<gim<M!!!!4444;!;!;!;!3Nz<!!!!%yq;fis Fiwf;f- Diminish the roots of by 2  
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jPh;T:jPh;T:jPh;T:jPh;T:    

1 -5  7 -4  5 

   2 -6  2 -4   

 -3 1 -2 1 

 2 -2 -2 

 -1 -1 -4 

 2 2 

 1 1 

 2 

 3 

1, 3, 1,  -4, 1. sle<him<ce<!og+g<gt<!!!/ Njitahd rkd;ghL �( + 3�� +�� − 4� + 1 = 0     
wMk<Kg<gim<M;! 5wMk<Kg<gim<M;! 5wMk<Kg<gim<M;! 5wMk<Kg<gim<M;! 5!!!!!!!!3�( + 7�� − 15�� + � − 2 = 0!we<x!sle<him<ce<!&z<gr<gjt!!8!
Nz<!nkqgiqg<g!Increase by 7 the roots of the equation 3�( + 7�� − 15�� + � − 2 = 0. 

jPh;T:jPh;T:jPh;T:jPh;T:    3      7    -15         1     -2 

   -21    98   -581 4060   

  - 14     83  -580 4058 

   -21   245 -2296 

   -35  328 -2876 

   -21  392 

   -56  720 

   -21 

           -77 

/ Njitahd rkd;ghL 3�( − 77�� + 720�� − 2876� + 4058 = 0    
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hbqx<sqg<!g{g<Ggt<hbqx<sqg<!g{g<Ggt<hbqx<sqg<!g{g<Ggt<hbqx<sqg<!g{g<Ggt<:!!!!

2/ Diminish by 3 the roots of the equation  �k − 4�( + 3�� − 4� + 6 = 0 

 �k − 4�( + 3�� − 4� + 6 = 0 we<x!sle<him<ce<!%yq;fis   4Nz<!!!! Fiwf;f 

    (uqjm;!uqjm;!uqjm;!uqjm;! HN + ,,HI + ILH/ + N{HL − ,/H − ^J = J�    
2. Find the equation each of whose roots exceeds by 2 a root of equation                                          �� − 4�� + 3� − 1 = 0     (uqjm;uqjm;uqjm;uqjm;     HI + /H/ + HL − ,{H − ,K = J� 
3. Find the equation whose roots are the roots of 4�k − 2�� + 7� − 3 = 0 each increased by 

2.     (uqjm;uqjm;uqjm;uqjm;HN − IJHI − /IH/ − /JMHL + /J/H − ,LK = J�!!!!
4�k − 2�� + 7� − 3 = 0 !we<x! sle<him<ce<! %yq;fis   3Nz<!!!!  mjpfhpj;jhy; 

rkd;ghl;il fhz;f. 

Removal of terms 

wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

Find the relation between the coefficients in the equation  �( + ��� + 	�� + �� + ) = 0 in order that the coefficients of �� and x may be removable by 

the same transformation. 

jPh;T:jPh;T:jPh;T:jPh;T:        

Let us reduce the roots of the equation by h. Instead of x substitute � + ℎ,  the transformed 

equation is 

�� + ℎ�( + ��� + ℎ�� + 	�� + ℎ�� + ��� + ℎ� + ) = 0. 
i.e.,  �( + �4ℎ + ���� + �6ℎ� + 3�ℎ + 	��� +   

�4ℎ� + 3�ℎ� + 2	ℎ + ��� + ℎ( + �ℎ� + 	ℎ� + �ℎ + ) = 0. 
�� d; nf* kw;Wk; d; nf* kw;Wk; d; nf* kw;Wk; d; nf* kw;Wk; x in the transformed equation are zeros. 

∴ 4ℎ + � = 0.  4ℎ� + 3�ℎ� + 2	ℎ + � = 0. 
ℎ = − �4. 
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∴ 4 Q− �4R� + 3� Q− �4R� + 2	 Q− �4R + � = 0 

i.e., �� − 4�	 + 8� = 0. 
wMk<Kg<gim<M;!wMk<Kg<gim<M;!wMk<Kg<gim<M;!wMk<Kg<gim<M;!3333!!!!

-v{<miuK!dXh<jh!fQg<gqk<!kQi<<g<g;!�( + 20��−143�� + 430� + 462 = 0!
jPh;T:jPh;T:jPh;T:jPh;T:    

Let us assume that by diminishing the roots by h, the second term is removed.  

Then the transformed equation becomes 

�� + ℎ�( + 20�� + ℎ��−143�� + ℎ�� + 430�� + ℎ� + 462 = 0 

i.e., �( + �4ℎ + 20��� + ⋯ = 0 

/ 4ℎ + 20 = 0, ℎ = −5. 
rkd;ghLfspy; ,uz;lhtJ cWg;ig ePf;fp sle<him<ce<!%yq;fis 5 My; mjpfhpf;f   

1 20  143  430  462   -5 

  -5   -75 -340 -450 

 15    68    90    12 

  -5   -50   -90 

 10    18      0 

-5   -25  

  5     -7 

 -5 

  0 

sle<hiM!w( − 7w� + 12 = 0. 

  i.e.,  �w� − 3��w� − 4� 



32 

 

±√3, ±2.!sle<him<ce<!%yq;fs;    
sle<him<ce<!de<jlbie!%yq;fs;    

√3 − 5, −√3 − 5, 2 − 5, −2 − 5 . 
i.e., 5 ± √3, −3, −7 

hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1. gpd;tUk; rkd;ghLfspy; ,uz;lhtJ cWg;ig ePf;fp vOJf. 

�� − 6�� + 10� − 3 = 0. (uqjm;!uqjm;!uqjm;!uqjm;!H/ − LH + , = J) 
2. gpd;tUk; rkd;ghLfspd; ,uz;lhtJ cWg;ig ePf;fpj; jPh;itf; fz;Lgpb. 

7) �( − 12�� + 48�� − 72� + 35 = 0. (uqjm;uqjm;uqjm;uqjm; / ± √L, ,, N)//// 
77) �( + 16�� + 83�� + 152� + 84 = 0. (uqjm;uqjm;uqjm;uqjm;−L , −^, −{, −,). !!!! 

777) �� + 6�� + 12� − 19 = 0. (uqjm;uqjm;uqjm;uqjm; ,, −L, +/�, −L + /�L)//// 
To Form an equation whose roots are any power of the roots of a given equation. 

wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

Find the equation whose roots are the squares of the roots of the equation 

�� + ����%� + ����%�   + ⋯ + ��%��  + �� = 0. 
kQi<U;kQi<U;kQi<U;kQi<U;!!!!

��, ��, … �� sle<him<ce<!%yq;fs;    

 �� + ����%� + ����%�   + ⋯ + ��%��  + �� = (� − ��)(� − ��) … (� − ��). 

�� − ����%� + ����%�  − ⋯ = (+� + ��)(+� + ��) … (+� + ��) 

/ (�� − ���) (�� − ���) … (�� − ���)  
= (�� + ����%� + �(��%( + ⋯ )� − (����%� + ����%� + ⋯ )� 

�� -I w vd khw;wp vOj  

w − ���) (w − ���) … w − ���) = w� + (2�� − ���)w�%� + ⋯ 
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/ w� + �2�� − ����w�%� + ⋯ = 0  
���, ���, … ���. 

wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3wMk<Kg<gim<M;!3!!!!

Find the equation whose roots are the squares of the roots of �( + �� + 2�� + � + 1 = 0. 
jPh;T:jPh;T:jPh;T:jPh;T:    

�, B, 9 lx<Xl<!:! we<he!ogiMg<gh<hm<m!sle<him<ce<!&zr<gt<!we<g/!

�( + �� + 2�� + � + 1 = �� − ���� − B��� − 9��� − :� 

x -I −� vd khw;wp vOj  

�( − �� + 2�� − � + 1 = �� + ���� + B��� + 9��� + :� 

0��( + 2�� + 1�� − ��� + ��� = ��� − ������ − B����� − 9����� − :��!
�� -I w vd khw;wp vOj  

�w� + 2w + 1�� − w�w + 1�� = �w − ����w − B���w − 9���w − :��!
0!�w� + 2w + 1�� − w�w + 1�� = 0 

nkiuK!!

w( + 3w� + 4w� + 3w + 1 = 0. 
wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4wMk<Kg<gim<M;!4!!!!

 Find the equation whose roots are the cubes of the roots of �( − �� − 2�� + 3� + 1 = 0 

jPh;T:jPh;T:jPh;T:jPh;T:    

If the cube roots of the unity are 1, �, �� 

�� + � + �� � �� � + ������ + ��� + � �� = �� + �� + �� − 3���. 
�, B, 9 lx<Xl<!:! we<he!ogiMg<gh<hm<m!sle<him<ce<!&zr<gt<!we<g/!

�( − �� − 2�� + 3� + 1 = �� − ���� − B��� − 9��� − :� 

mjhtJ �1 − ��� + ��3 + ��� + 2�� =  �� − ���� − B��� − 9��� − :�       … (1) 
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x -I �� vd khw;wp vOj  

�1 − ��� + ���3 + ��� + 2���� =  ��� − ����� − B���� − 9���� − :�    … (2) 

x -I ��� vd khw;wp vOj  

�1 − ��� + ����3 + ��� + 2��� =  ���� − ������ − B����� − 9����� − :�...(3) 

sle<hiMgt<!)2*?!)3*!lx<Xl<!)4*!J!ohVg<gg<!gqjmh<hK!

!2�1 − ��� + ��3 + ��� + 2��3.!
!! 2�1 − ��� + ���3 + ��� + 2����3.!

 2�1 − ��� + ����3 + ��� + 2���3!
!= ∏�� − ����� − ������ − ��!
nkiuK!�� + �� + ���� � � + ��� + �������� + ���� + ��� ��!
! = ∏2−�� + ����1 + � + ��� − ����� + �� + ��� + ����3!
! = ∏��� − ���!
!-r<G!

� = 1 − ��, � = �3 + ���, � = 2��!!
nkiuK!�� + ���� + ���_ − 3���. �. � = ��� − ������ − B����� − 9����� − :��!
nkiuK!�1 − ���� + �3 + ������ + 8�  _ − 6���1 − ����3 + ���!

!= ��� − ������ − B����� − 9����� − :��!
�� = w we!wMk<Kg<!ogi{<miz<!

�1 − w�� + �3 + w��w + 8w� − w�1 − w��3 + w�!
!= �w − ����w − B���w − 9���w − :��!

/ rkd;ghl;bd; %yq;fs; ��, B�, 9�, :�MFk;.!
�1 − w�� + �3 + w��w + 8w� − w�1 − w��3 + w� = 0!

nkiuK! 
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w( + 14w� + 50w� + 6w + 1 = 0!
hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

2/!�, B, 9  lx<Xl<!:! we<he!�( + ��� + 	�� + �� + ) =1!we<x!sle<him<ce<!&zr<gt<!
weqz<!��� + 1��B� + 1��9� + 1��:� + 1� = �1 − 	 + )�� + �� − ���!weg<!gim<Mg/! 

3/! �, B, 9 ! we<he! ��� + 3��� + 3$� + U = 0 we<x! Lh<hcs<! sle<him<ce<! &zr<gt<!
weqz<!���1 + ����1 + B���1 + 9�� = �� − 3$�� + �3� − U��weg<!gim<Mg/ 
Transformation in general 

vLj;Jf;fhl;L: 1vLj;Jf;fhl;L: 1vLj;Jf;fhl;L: 1vLj;Jf;fhl;L: 1    

�, B, 9  vd;gd �� + ��� + 	� + � = 0,  vd;w rkd;ghl;bd; %yq;fs; vdpy;  � − �=> , B −
�>< , 9 − �<= ,tw;iw %yq;fshf nfhz;l rkd;ghl;il mikf;f. 
jPh;T:jPh;T:jPh;T:jPh;T: 

 � − �=> vd vLj;Jf; nfhs;Nthk;. 

= � − ��B9 

= � − �−� )7`$8 �B9 = −� 

= � + ��. 
∴   w = � + ��. 
/Njitahd rkd;ghL  

w = � + �W          …(1)  

�� + ��� + 	� + � = 0         …(2)  

/ (1) ypUe;J ekf;F fpilg;gJ � = vW��W 
,e;j kjpg;Gfis (2)y; gpujpapl fpilg;gJ 
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���� + ���1 + ��w� + 	�1 + ���w + �1 + ��� = 0. 
vLj;Jf;fhl;L: 2vLj;Jf;fhl;L: 2vLj;Jf;fhl;L: 2vLj;Jf;fhl;L: 2    

�� + ��� + 	� + � = 0 vd;w rkd;ghl;bd; %yq;fs; a, b, c vd;f.  

�$ − ��, $� − ��, �� − $� vd;w %yq;fis nfhz;l rkd;ghl;ilf; fz;Lgpb. 

jPh;T:jPh;T:jPh;T:jPh;T: 

�$ − �� =  !" − �� vd vLj;Jf; nfhs;Nthk;. 

= − �� − �� )7`$8 ��$ = −� 

/ Njitahd rkd;ghL 

w = − W� − ��        …(1)  

�� + ��� + 	� + � = 0      …(2)  

/ (1) ypUe;J ekf;F fpilg;gJ �� + �w + � = 0  …(3)  

/ (3) ypUe;J (2)I fopf;f  

��� + 	� − �w = 0 

i.e.,  ���� + 	 − w� = 0 

ie.,  � = 0 }� �� + 	 − w = 0. 
�-I G+r;rpakhf vLj;Jf;nfhs;s KbahJ.  

∴ �� + 	 − w = 0 

∴ � = w − 	� . 
,e;j kjpg;Gfis (2)y; gpujpapl fpilg;gJ 

[w − 	� \� + �. [w − 	� \� + 	. [w − 	� \ + � = 0 

i.e.,  w� + ��� − 3	�w� + �3	� − ��	�w + ��� − 	� = 0. 
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vLj;Jf;fhl;L: 3vLj;Jf;fhl;L: 3vLj;Jf;fhl;L: 3vLj;Jf;fhl;L: 3    

�� − 6� + 7 = 0, vd;w rkd;ghl;bd; %yq;fs;  �, B, 9 vd;f.  

�� + 2� + 3, B� + 2B + 3, 9� + 29 + 3.  vd;w %yq;fis nfhz;l rkd;ghl;ilf; 

fz;Lgpb. 

jPh;T:jPh;T:jPh;T:jPh;T: 

�� − 6� + 7 = 0        ….(1)  

w = �� + 2� + 3 

i.e.,  �� + 2� + �3 − w� = 0       …(2)  

rkd;ghL (2)-I x My; ngUf;fp (1)ypUe;J fopf;f> 

2�� + �9 − w�� − 7 = 0       …(3)  

(2) kw;Wk; (3) ypUe;J  

��−14 − �9 − w��3 − w� = �7 + 2�3 − w� = 1�9 − w� − 4, 
�13 − 2w�� = �5 − w��−w� + 12w − 41� 

i.e.,  w� − 21w� + 153w − 374 = 0. 
vLj;Jf;fhl;L: 4vLj;Jf;fhl;L: 4vLj;Jf;fhl;L: 4vLj;Jf;fhl;L: 4    

�� + ��� + 	� + � = 0 vd;w rkd;ghl;bd; %yq;fs; �, B, 9 vdpy; 

�� + 1, B� + 1, 9� + 1.  d; kjpg;igf; fhz;f. 
jPh;T:jPh;T:jPh;T:jPh;T:    

rkd;ghl;bd; %yq;fspypUe;J ��� + 1��B� + 1��9� + 1�. 
w = �� + 1          …(1)  

�� + ��� + 	� + � = 0         …(2) 

(2) I khw;wp vOj 

���� + 	� = −���� + �� 



38 

 

i.e.,  ��w − 1 + 	� = −2��w − 1� + �3 
�� = w − 1. 
th;f;fg;gLj;j> 

���w − 1 + 	�� = 2��w − 1� + �3� 

i.e.,  �w − 1��w − 1 + 	�� = 2��w − 1� + �3� 

i.e.,  w� + w� �8�y + w �8�y − �	 − 1�� − �� − ��� = 0. 
rkd;ghl;bd; %yq;fs; �� + 1, B� + 1, 9� + 1. 
/ %yq;fspd; ngUf;fy; 

��� + 1��B� + 1��9� + 1� = �	 − 1�� + �� − ���. 
hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1. �, B, 9  vd;gd �� + +	� + � = 0,  vd;w rkd;ghl;bd; %yq;fs; vdpy;                      B9 + �, 9� + B, �B + 9.%yq;fshf nfhz;l rkd;ghl;il fz;lwpf.  
(uqjm;uqjm;uqjm;uqjm; �/ − j�L + �j + /c�� + c − �j + c�L = J�. 
2. �, B, 9  vd;gd �� + ��� + 	� + � = 0,  vd;w rkd;ghl;bd; %yq;fs; vdpy;  ��, B�, 9�  ,tw;iw %yq;fshf nfhz;l rkd;ghl;il mikf;f. 
(uqjm;uqjm;uqjm;uqjm; �/ + �Lj − iL��L + �jL − Lic�� − cL = J�. 
3. �, B, 9  vd;gd �� + ��� + 	� + � = 0,  vd;w rkd;ghl;bd; %yq;fs; vdpy; 

gpd;tUtdtw;wpd; kjpg;igf; fhz;f. 

i) �=�>%< + �>�<%= + �<�=%>.  (uqjm;uqjm;uqjm;uqjm;
jLc� 

ii) Q�= + �> − �<R Q�> + �< − �=R Q�< + �= − �>R.   (uqjm;uqjm;uqjm;uqjm; j/�McLc/ � 

4. �  vd;gJ �� + �� − 2� − 1 = 0  -d; xU %yk; vdpy; kw;nwhU %yk; �� − 2 vdf; 
fhl;Lf. 

 

Descartes’ rule of signs  
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wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2wMk<Kg<gim<M;!2!!!!

 Determine completely the nature of the roots of the equation �k − 6�� − 4� + 5 = 0 

jPh;T:jPh;T:jPh;T:jPh;T:        

+ - - +.,e;j cWg;Gfspd; njhlh; ,e;j cWg;Gfspd; njhlh; ,e;j cWg;Gfspd; njhlh; ,e;j cWg;Gfspd; njhlh;  

,U Fwpfs; khwpapUf;Fk; vdNt ,U kpif %yq;,U Fwpfs; khwpapUf;Fk; vdNt ,U kpif %yq;,U Fwpfs; khwpapUf;Fk; vdNt ,U kpif %yq;,U Fwpfs; khwpapUf;Fk; vdNt ,U kpif %yq;fSf;F Nky; fSf;F Nky; fSf;F Nky; fSf;F Nky; ,U,U,U,Uf;fhJ ,q;F f;fhJ ,q;F f;fhJ ,q;F f;fhJ ,q;F 

Fwpia khw;WfFwpia khw;WfFwpia khw;WfFwpia khw;Wf 

   −�k − 6�� + 4� + 5 = 0 

   i.e.,  �k + 6�� − 4� − 5 = 0 

+ + - -.,e;j cWg;Gfspd; njhlhpd; Fwp ,q;F Fwpapy; xNu xU khw;wk; kl;Lk;,e;j cWg;Gfspd; njhlhpd; Fwp ,q;F Fwpapy; xNu xU khw;wk; kl;Lk;,e;j cWg;Gfspd; njhlhpd; Fwp ,q;F Fwpapy; xNu xU khw;wk; kl;Lk;,e;j cWg;Gfspd; njhlhpd; Fwp ,q;F Fwpapy; xNu xU khw;wk; kl;Lk; 

XU Fiw %yq;fSf;F Nky; ,Uf;fhJ rkd;ghl;bd; nkhj;j %yq;fs; 5 Fiwe;jJ XU Fiw %yq;fSf;F Nky; ,Uf;fhJ rkd;ghl;bd; nkhj;j %yq;fs; 5 Fiwe;jJ XU Fiw %yq;fSf;F Nky; ,Uf;fhJ rkd;ghl;bd; nkhj;j %yq;fs; 5 Fiwe;jJ XU Fiw %yq;fSf;F Nky; ,Uf;fhJ rkd;ghl;bd; nkhj;j %yq;fs; 5 Fiwe;jJ 

rkd;ghl;bd; ,U fw;gid %yq;fs; rkd;ghl;bd; ,U fw;gid %yq;fs; rkd;ghl;bd; ,U fw;gid %yq;fs; rkd;ghl;bd; ,U fw;gid %yq;fs; ,Uf;Fk;.,Uf;Fk;.,Uf;Fk;.,Uf;Fk;. 

� =  −∞ − 2  − 1     0    1     2     ∞ 

                     �k − 6�� − 4� + 5 =   −        −       +     +    −   +    +   
0 &1, 1 & 2, kpif %yq;fs;kpif %yq;fs;kpif %yq;fs;kpif %yq;fs; 

-2 & -1.    Fiw %yq;fs;Fiw %yq;fs;Fiw %yq;fs;Fiw %yq;fs; 

hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;hbqx<sq!uqeig<gt<;!!!!

1. �Y − 3�( + 2�� − 1 = 0  we<x!sle<hiM!Gjxf<khm<sl<! 5!gx<hje!&zr<gjtbiuK!

ogi{<cVg<Gl<!weg<!gim<M/!

2. �_ + 3�� − 5� + 1 = 0  we<x! sle<hiM! Gjxf<khm<sl<! 5! gx<hje!&zr<gjtbiuK!

ogi{<cVg<Gl<!weg<!gim<M/!

3.  �( + 3� − 1 = 0  we<x! sle<hiM! 3! olb<! lx<Xl<! 3! gx<hje! &zr<gjt!

ogi{<cVg<Gl<!weg<!gim<M/!

4. �k + 5� − 7 = 0  we<x! sle<hiM! wk<kje! gx<hje!&zr<gjt! ogi{<cVg<Gl<! we!

g{<mxqg/!(uqjm;uqjm;uqjm;uqjm;  I�!!!!
!!!!
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4. kjpg;gpLf: lim�→�  ¾¿À��;%����   [���: −,]    
 

nzG!nzG!nzG!nzG!....!!!!5555 

n{qgt<!!

fQr<gt<!-f<k!himk<jk!Lck<k!hqxG!okiqf<K!ogit<uK. 

• n{qgtqe<!ujggt<?!n{qgtqe<!lix<xl<!ogit<uK/ 

• Ofi<liX!n{q!lx<Xl<!sle<hiMgtqe<!kQi<U/ 

 

4.1 n{qgt<:  

yV! n{q! we<hk! osu<ug! ucuqz<! w{<gjt! fqjxgt<! lx<Xl<! fqvz<gtig!

okiGh<hK!m n!n{qbqe<!ohiK!njlh<H/ 

Þ a�� a�� a��a�� a�� a�� ⋯ a�àa�à⋮ ⋱ ⋮aã� aã� aã� ⋯ aãà
ä 

keqbig! dt<t! w{<gtqe<! okiGh<H! dXh<Hg<! weh<hMl</! nf<k! dXh<Hgt<! lqjg!

)nz<zK*! Gjx! w{<gtig! -Vg<gzil</! {}nz<zK! )*! GxqbQMg<! osu<ug! ucuqz<!

okiGh<hkx<G!hb<hMgqxK/![] GxqbQm<jm!n{qjb!Gxqh<hkx<G!hbe<!hMk<KgqOxil</ 

4.2!n{qgtqe<!ujggt<: 

(i) fqjx!n{q: yV!n{qbieK!yOv!yV!fqjxjb!ogi{<cVf<kiz<!nK!fqvz<!n{q!
weh<hMl</ 

!Dkiv{l<:  [1   -2    0.3] 

(ii) fqvz<! n{q: yV! n{qbieK! yOv! yV! fqvjz! ogi{<cVf<kiz<! fqjx! n{q!
weh<hMl</A matrix consisting of a single column is called a column matrix. 

Dkiv{l< :   å 3�k−1æ                 
(iii)!sKv!n{q: yV!n{qbieK!fl<!w{<{qg<jgbqz<!fqjxjbBl<!fqvjzBl<!-Vf<kiz<!
nK! sKv! n{q! weh<hMl</!!

!

Dkiv{l<:  a)  � 2 3−1 5�  b)   ç1 2 35 0 92 −1 5è!
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(iv) &jzuqm<m!n{q: yV!sKv!n{qjb!&jzuqm<m!n{q!&e<X!OuX!Ou{<Mlieiz<!
nke<!&jzuqm<m!dXh<Hgt<!h,\<\qblig!-Vg<g!Ou{<Ml</ 

!Dkiv{l<:  a)  �5 00 −2�  b)   ç3 0 00 1 00 0 2è 
(v) kqjsbqzq! n{q: yV! &jzuqm<m! n{qbqe<! &jzuqm<m! dXh<Hg<! yOv! w{<j{!
ogi{<cVf<kiz<!njk!kqjsbqzq!n{q!we<Ohil</ 

!Dkiv{l<:  a)  � 2 3−1 5�  b)   ç−2 0 00 −2 00 0 −2è 
(vi) nzG!n{q:  yV!&jzuqm<m!n{qbqe<!&jz!uqm<mr<gt<!ye<xig!-Vf<kiz<!nzG!
n{q!we<hi</ 

!Dkiv{l<:  a) I= �1 00 1�  b)   ç1 0 00 1 00 0 1è 
(vii) h,\<\qb!n{q:  yV!n{q!njek<K!dXh<Hgig!h,\<\qblig!-Vf<kiz<! h,\<\qb!
n{q!we<hi</ 

Dkiv{l<:  a)  �0 0      00 0      0�  b) ç0 0 00 0 00 0 0è 
(viii) sl!n{q: -V!n{qgt<!sll<!weqz<!nke<!uiqjsBl<!lx<X<!fqgvie!dXh<Hgt<!
sllig!-Vg<g!Ou{<Ml</ 

!Dkiv{l<: A = �1   2 3 4 �  b) �a bc d�   
a=1,b=2,c=3,d=4 weqz< A lx<Xl< B sll<. 

(ix) lix<X! n{q: lix<X! n{qjb! AT! we! Gxqh<hi</! AT! we<hK! A.bqe<! fqvz<gjt!
fqjxgtig!lix<Xukiz<!gqjmg<Gl</ 

!Dkiv{l<:  If A = �2 3 −50 −1 8 �  
     AT = ç 2 03 −1−5 8 è 

(x) n{qbqe<!kqjsbqzq!ohVg<gz<: n{q!A!uqz<!dt<t!njek<K!dXh<HgjtBl<!k!
we<x!w{<{iz<!ohVg<g!gqjmg<Gl<!n{qOb!n{qbqe<!kqjvbqzq!ohVg<gz<!n{qbiGl</ 

Dkiv{l<:  If A = ç 2 −31 0−2 5 è 
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                  -4A = ç−8 12−4 08 −20è 
4.3 n{qbqe<!sqz!osbz<hiMgt<: 

(i) -V!n{qbqe<!%Mkz<: n{qbqe<!%MkzieK!nf<k!n{qbqe<!fqgvie!dXh<Hgtqe<!
%Mkz</! OlZl<! -V! n{qbqe<! uiqjs! sllig! -Vg<g! Ou{<Ml</! gqjmg<gh<! ohXl<!

n{qbqe<!uiqjsBl<!nKuiGl</ 

Dkiv{l<:  (a) A= �4 −1 30 5 0�    B = �0 5 32 −1 6�  
                      A+B = �4 + 0 −1 + 5 3 + 30 + 2 5 − 1 0 + 6�   =   �4 4 62 4 6�  
(ii) -V!n{qbqe<!gpqk<kz<: -V!sl!uiqjsBt<t!nqgjt!nke<!fqgvie!dXh<Hgjt!
gpqg<g!Ou{<Ml</ 

Dkiv{l<:  A= �4 −1 30 5 0�    B = �0 5 32 −1 6�  
                   A+B = �4 − 0 −1 − 5 3 − 30 − 2 5 + 1 0 − 6�    
                            =   � 4 −6 0−2 4 −6�  
(iii) -V!n{qbqe<!ohVg<gz<: mxn uiqjsBjmb!A!Bl<?!nxp!uiqjsBjmb!B!n{qbqe<!
nke<!ohVg<gz<!AB NGl</!nkje!C weUl<!nke<!uiqjs!mxp!NGl</!nkqz<!CijJ!

Abqe<!iuK!fqvjzBl<?!B!bqe<!j!bqe<!fqjxjbBl<!sqgvig!ohVg<gtqe<!%Mkz<!NGl</ 

Gxqh<H: 

 Lkz<! n{qbqe<! fqjxgtqe<! w{<{qg<jgBl<! -v{<miuK! n{qbqe<! fqvz<gtqe<!

w{<{qg<jgBl<! sllig! -Vg<g! Ou{<Ml</! nh<OhiK! lm<Ml<! ohVg<gz<! n{q!

sik<kqbliGl</ 

!Dkiv{l<: 

(1) If  A = ça11 a12 a13a21 a22 a23a31 a32 a33è    
 

     B = çb11 b12b21 b22b31 b32è 
 Abqe<!uiqjs 3x3 lx<Xl<!Bbqe<!uiqjs 3x2. 

 !weOu!ohVg<gz<!sik<kqbliGl<!lx<Xl<!okiG!n{q!ABe<!uiqjs!3x2  

nkiuK!Lkz<!n{qbqe<!fqvZl<!-v{<miuK!n{qbqe<!fqjxbqe<!w{<{qg<jg!4!lx<Xl< 
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 AB =  

 

(2) A =     ,   B=    

Ae<!fqvz<!4?!Be<!fqjx!4!weOu!sik<kbliGl</!ABe<!uiqjs! 2x2.! 

AB=  

       =  

        = 2x2 

Gxqh<H: 

1. A! Bl<! B! Bl<! sKv! n{qbig! -Vf<kiz<! lm<MOl! ohVg<gz<! ABBl<?! BABl<!
sik<kbliGl</ 

2. AB Bl<!  BA !Bl<! sllig!-Vg<g!nusqblqz<jz/!n{qh<! ohVg<gz<! Osi<h<Hh<!
h{<H!ogi{<mK 

3. A,B! lx<Xl<! C we<x! &e<X! n{qgt<! A(BC) lx<Xl<! (AB)C! sik<kqboleqz<!
A(BC)=(AB)C! hr<gQm<M! n{q! ohVg<gz<! lx<Xl<! %Mkz<! ohiVk<K! uqkqg<G!
dm<hm<mK. 

4. B+C,AB,AC!sik<kqboleqz<!nkiuK!A(B+C)=AB+AC. 

Dkiv{l<4.1: A =   lx<Xl< B =  

weqz<!2A-3B+AB 

kQi<U: 

Lkzqz<!2A-3B!J!g{<Mhqc 

2A-3B = 2   -3  

            =  -   
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            =   

hqxG!ABJ!gi{<g!

AB =    

       =   

       =    

 2A – 3B +AB=  +  

                          =  

Dkiv{l< 4.2: n{q Abqe<!kQi<ju!gi{<!

3A +  =  

kQi<U: 

              3A +  =  

              3A =  -   

       =    

 A = 1/3    

    =    

Dkiv{l< 4.3:  n{q!A!lx<Xl<!n{q!B!J!A+B =   !lx<Xl<!A –B =  

uqz<!-Vf<K!gi{<g/ 
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!kQi<U: 

 A+B =        …………(1) 

 A –B =   …………(2) 

)2*!lx<Xl<!)3*J!%m<m, 

2A =   

 A =    

A = J!)2*z<!hqvkqbqm!

B =  - A 

    =  -    =  

    =   

Dkiv{l< 4.4:   a,b,c e<!lkqh<Hgjt!gi{<g/         

   3  = +  

kQi<U: 

2  = +  

 

             = =  

 3a = a+8  2a = 8  a = 4 

    3c = 3  c=3 

   3b = b+c-1  2b = c-1 =3-1 =2  b=2 

 (a,b,c) = (4,3,2) 

Dkiv{l< 4.5:  A =   lx<Xl<!B =  ,  
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AB lx<Xl<!BA gi{<g.  AB = BA weh<hii<!

kQi<U: 

AB     =     

          =  

          =  

          =  

BA     =   

          =  

              =  

  =  

weOu AB   BA 

Dkiv{l< 4.6:  A =  

 B =  lx<Xl< C= [1   -2] we<x!n{qbqzqVf<K!

A(BC) = (AB)C weh<hii<!

kQi<U: 

 BC  =   [ 1   -2] 

        =    

        =  
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A(BC)  =                                                                                                     

            =       

            =  

            =   

AB =     

                    =  

         =  

          =  

 A(BC) =  [1   -2] 

             =   

 =  

weOu  A(BC) = (AB)C 

 

Dkiv{l< 4.7:  A= [2  -3] , B =  ,C =  weqz<!

A(B+C) = AB + AC fqVhq/!

kQi<U: 

 B+C      =  +   

  =  

        A(B+C) = [2  -3]  
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  = [2x5+(-3)x5   2x0+(-3)x7] 

  = [10-15  0-21] 

  = [-5  -21] 

             AB   = [2   -3]  

  = [2x2+(-3)x4  2x1+(-3)x5] 

  = [4-12  2-15] 

  = [-8  -13] 

 AC = [2  -3]  

  = [2x3+(-3)x1  2x(-1)+(-3)x2] 

  = [6-3  -2-6] 

  =[3  -8] 

 AB+AC = [8  -3] + [3  -8] 

  = [-5  -21] 

weOu     A(B+C) = AB+AC 

4.4 sKv!n{qbqe<!n{qg<!Ogiju: 

 sKv!n{qbqe<!n{qg<!Ogiju!yV!w{<!lx<Xl<!nkje det A!nz<zK!

IAI!we!Gxqh<hi</!2x2 n{qbqe<!n{qg<Ogiju!A =  weqz<!  = = 

a11a22 – a21a12 

3x3 n{qbqe<!n{qg<Ogiju/ 

A =  weqz<  

 = a11  – a12    

   +a13  

        = a11(a22a33 – a32a23) – a12(a21a33 –a31a23) 

        +a13(a21a32 – a31a22) 

Dkiv{l<!
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(i) A =  

            = 1x4 – 3x2 = 4-6 = -2 

(ii)  A =  

          = 1 -2 -1  

           = 1[1x1-(-2)x0]-2[2x1-1x0]-1[2x(-2)-1x1] 

           = 1(1+2)-2(2-0)-1(-4-1) 

           = 1(3)-2(2)-1(-5) 

            = 3-4+5 

            = 4 

(i) h,\<\qb!Ogiju!n{q: yV!sKv!n{q!A!NeK!h,\<\qbg<!Ogiju!weqz< =0 

Dkiv{l< If A =  weqz< =0 

 A yV!h,\<\qb!Ogiju 

(ii) h,\<\qblx<x!Ogiju!n{q:  yV!sKv!n{q!A!NeK!h,\<\b!lx<x!Ogiju!weqz< 
0 

Dkiv{l< If A =  weqz< =12 0 

 A yV!h,\<\qbg<!Ogiju!

(iii) Kj{! n{q:  ogiMg<gh<m<m! n{q! A?! nkqz<! dt<t! sqz! w{<{qg<jgBjmb!

fqjxjb!nz<zK!fqvjz!fQr<Gl<OhiK!gqjmg<gh<!ohXl<!n{qjb!Kj{!n{q!we<hi</ 

!Dkiv{l<: A =  weqz<!B =   yV!Kj{!n{q!

(iv) yV!dXh<hqe<!sqx<xq:  yV!n{q!A=[aij]yV!dXh<H!aij!e<!sqx<x{q!we<hK!nkx<G!

fqgvig! dt<t! iNuK! fqjx! lx<Xl<! j uK! fqvjz! fQg<g! gqjmg<Gl<! n{qg<!

OgijubiGl</ 

Dkiv{l<:  A = ,  
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2.e<!sqx<x{q!  

       =0x4 - (-4)x(-5)= - 20 

     -3.e<!sqx<x{q  

                                                            =2x4-(5)x(-5)=28 

    .4.e<!sqx<x{q  

                        =2x(-4)-5x0=-8 

3.e<!sqx<x{q  

                       = - 8-12=-20 

.   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

5.e<!sqx<x{q  

                       =0+4=4 

(v) yV!dXh<hqe<! sqx<x{qg<! Ogiju:  aij!e<! sqx<x{q! Ogiju!we<hK!nke<! sqx<x{q!

lx<Xl<!(-i) i+j!ohVg<G!gqjmh<hkiGl</!-kje!A ij!we!Gxqh<hi</ 

!Dkiv{l<!

A =  

(a11) = 1.e<!sqx<x{q!Ogiju  (-1)1+1  

(a32) = 8- e<!sqx<x{q!Ogiju!(-1)3+2  

(vi) sqx<x{q!Ogiju!n{q: A = [aij] we<x!n{qbqe<?!sqx<x{qg<!Ogiju!n{qbieK?!A!
bqz<!dt<t! yu<ouiV!dXh<hqx<G! hkqzig!nke<! sqx<x{q! Ogiju!n{qbqe<! A! we!
hqvkqbqm!Ou{<Ml</!-kje!A = [aij] weg<!Gxqh<hi</!!

(vii) Osi<h<H!n{q: yV!sKv!n{q!A.e<!Osi<h<H!n{qbieK!sqx<x{q!Ogiju!n{qbqe<!
lix<X!n{qbiGl</!-kje!adjA = (sqx<x{q!Ogiju!A)T.  

(viii) Ofi<liX!n{q:  h,\<\qblx<x!Ogiju!n{qgt<! e<!Ofii<!liX!n{q!we<hK!/!

-kje!A-1 we!Gxqh<hi</   
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                       A-1 =  

Gxqh<H:    (i) A-e<!Ofi<liX!n{q A-1. 

 OlZl<! A.A-1=A-1.A=I 

 (ii) A lx<Xl< B we<x!-V!n{qgt<!AB=BA=I!weqz<!A lx<Xl<!B!bieK!ye<Xg<!

ogie<X!Ofi<liX!n{qbiGl</ are any two matrices such that AB=BA=I. Then A and B are 
the inverse of each other.  

A-1=B  lx<Xl<!B-1=A 

Dkiv{l< 6.8: .e<!Ofi<liX!gi{<g!

kQi<U: 

 A =  

3.e<!sqx<x{q!Ogiju= (-1)1+1(3)=3 

1.e<!sqx<x{q!Ogiju = (-1)1+2(-1)=1 

-1.e<!sqx<x{q!Ogiju = (-1)2+1(1)=-1 

4.e<!sqx<x{q!Ogiju  = (-1)2+2(2)=2 

Adj(A)  = (sqx<x{q!Ogiju!A)T 

 = T 

 =  

 =  = 2x3-(-1)x1 = 6+1 = 7 

A-1 =  =  

Dkiv{l< 6.9   

A = -e<!Ofi<liX!n{q!gi{<g!

kQi<U: 

1.e<!sqx<x{q!Ogiju  = (-1)1+1  
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   = +(3-8) = -5 

3.e<!sqx<x{q!Ogiju  = (-1)1+2   

     = -(0+12) = -12 

.2.e<!sqx<x{q!Ogiju = (-1)1+3   

      = +(0+9) = 9 

1.e<!sqx<x{q!Ogiju = (-1)2+1   

     = -(2+2) = -4 

4.e<!sqx<x{q!Ogiju = (-1)2+2   

     = +(1-3) = -2 

5.e<!sqx<x{q!Ogiju = (-1)2+3   

     = -(2+6) = -8 

.4.e<!sqx<x{q!Ogiju = (-1)3+1   

      = +(8+3) = 11 

3.e<!sqx<x{q!Ogiju = (-1)3+2   

     = -(4-0) = -4 

2.e<!sqx<x{q!Ogiju = (-1)3+3   

    = +(3-0) = 3 

A-e<!sqx<x{q =  

 adj (A) = (sqx<x{q!Ogiju A)T 

                  =   
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 =   

      = 1(3-8)-2(0+12)-1(0+9) 

      = 1(-5)-2(12)-1(9) 

      = -5-24-9 

      = -38 

A-1 =   

Dkiv{l< 9.10: A =  fqVhq A3-13A+12I = 0.  OlZl< A-1 J!gi{<g!

kQi<U: 

-r<G!A2 = A.A 

 =   

            =  

=  

A3 = A2.A 

=  

=  

=  

A3 – 13A +12I=  – 
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                      +  

  =  = 0 

A-1 OlZl<!A3 – 13A +12I = 0 -kje!hbe<hMk<kq!A-1–J!gi{<g/!

A-1J!-VHxLl<!ohVg<g!

A-1A3 – 13 A-1A +12 A-1I = 0 

(A-1 A)A2 – 13(A-1A) +12 A-1 = 0       (A-1I=A -1 ) 

IA2 – 13I +12 A-1 = 0           (A-1A = I) 

A2 – 13I +12 A-1 = 0           (I A2 =A2) 

12A-1    = (13I – A2) 

 =  -  

 =  

A-1 =  

4.5 Ofiqb!sle<hiMgt<: 

 n{q! -bx<g{qkk<kqe<! Lg<gqblie! osbz<! Ljx! lx<Xl<! Gxqg<Ogit<! Ofiqb!

sle<hiMgjt!kQi<U! gi{<hkiGl</! -h<OhiK!-V!Ljxgt<! )*! gqviliqe<! uqkq!nz<zK!

n{qg<! Ogiju! Ljx! lx<Xl<! Ofii<liX! n{q! Ljx! ogi<M! Ofiqb! sle<hiMgjt!

kQi<Ugjt!gi{zil</ 

(i): gqviliqe<!uqkq!nz<zK!n{qg<!Ogiju!Ljx 

hc!1: ogiMg<gh<hm<m!sle<hiMgjt!Ofiqb!sle<hiMgt<!njlh<hkx<G!lix<xUl</ 

hc 2:  ogPg<gtqe<!n{q!A!njlg<gUl</ 

hc 3:  n{qg<Ogiju!A!J!gi{<g/!nkje!  we<g/! 
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hc 4:  Lkz<!fqvjz!fQg<gUl<!lx<Xl<!nf<k!Lkz<!fqvzqz<!B fqvz<!n{qjb!Osi<k<K!

gqjmg<Gl<!okiGh<hbe!n{qbqe<!n{qg<!Ogijubqe<!lkqh<H!gi{<g/!-kje! x!weg<!

ogit<g/ 

hc 5:  -Ok!Ohiz<!-v{<M!fqvjz!fQg<gq!B-J!Osi<k<K!okiGh<hbe<!n{q!lx<Xl<!nke<!

n{qg<Ogiju!lkqh<jh!gi{<g/!-kje! y!we!ogit<g/ 

hc 6:  -KOhiz< z-J!gi{<g!

hc 7:  gjmsqbig?!x!e<!lkqh<H =  

  y e<!lkqh<H =  

   z!e<!lkqh<H =  

Dkiv{l< 4.11:  ogiMg<gh<hm<m! Ofiqb! sle<hiMgjt!gqviliqe<!uqkq!nz<zK!n{qg<!
Ogiju!Ljxbqz<!gi{<g/ 

 2x – y   = 5 

 3x + 2y = -3 

kQi<U: 

 ogiMg<gh<hm<m!sle<hiMgjt 

     =     

                  AX = B 

-kqz<!A!we<hK!ogPg<gtqe<!n{q!lx<Xl<!!

B!we<hK!okiGh<hbe<!n{q 

 =  =  = 4+3 = 7 

x =  = 10 – 3 =7 

=  = -6 – 15 =-21 

   x =  =  = 1 

              y =  =  = -3 
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  (x, y)  = (1,-3) 

Dkiv{l< 4.12:  ogiMg<gh<hm<m! Ofiqb! sle<hiMgjt!gqviliqe<!uqkq!nz<zK!n{qg<!
Ogiju!Ljxbqz<!gi{<g/ 

 3x+y+z= 1 
 x  +  z  =  0 
 5x+y+2z=2 
kQi<U:  

 ogiMg<gh<hm<m!sle<him<ce<!ogPg<gtqe<!n{q 

 A   =  

=    = 3(0-1)-1(2-5)+1(1-0) 

  =-3-1(-3)+1 

  =-3+3+1 

  =1 =  

x =   =1(0-1)-1(0-2)+1(0-0) 

  =-1+2 

  =1 

y =   =3(0-2)-1(2-5)+1(2-0) 

  =3(-2)-1(-3)+2 

  =-6+3+5 

  =1 

 

z =  = 3(0-0)-1(2-0)+1(1-0) 

  =0-2+1 
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  =-1 

x =  =  = 1 

  y =  =  = 1 

  z =  =  = -1 

 (x, y, z) = (1,1,-1) 

(ii) Ofi<liX!n{q!Ljx: 

hc 1: ogiMg<gh<hm<m!Ofiqb!sle<hiMgtqe<?!ohiKuig!njlh<hkx<G!lix<xUl</ 

hc 2: ogiMg<gh<hm<m!sle<him<jm!lix<xUl<!nkiuK AX=B 

-kqz<? A = = ogPgtqe<!n{q!

 B =  = uzh<Hxl<!dt<!lkqh<Hgt<!ogi{<m!n{q/. 

hc 3:  A-1 e<!lkqh<jh!gi{<g/!

hc 4: n{q!bqe<!lkqh<H!A-1J!ohVg<g!Ou{<Ml</ 

   X = A-1B 

Dkiv{l< 4.13:  ogiMg<ghm<m! Ofiqb! sle<hiMgjt!Ofi<liX!n{q!Ljxbqe<!&zl<!
kQi<g<g/ 

!kQi<U: 

 ogiMg<gh<hm<m!sle<hiMgjt 

     =     

 AX = B 

-h<OhiK?!A.e<!Ofi<liX!gi{<g/ 

  A-1  =  

 =  = 4+3 =7 

adj(A) gi{<g!
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3.e<!sqx<x{q!Ogiju= (-1)1+1(2) = 2 

.2.e<!sqx<x{q!Ogiju = (-1)1+2(3) = -3 

4.e<!sqx<x{q!Ogiju = (-1)2+1(-1) = 1 

3.e<!sqx<x{q!Ogiju = (-1)2+2(2) = 2 

adj (A) = (sqx<x{q!Ogiju AT) = T 

           =  

 A-1 =  

 X = A-1B 

    =   

    =  

    =   

              =  

Dkiv{l< 4.14: ogiMg<ghm<m! Ofiqb! sle<hiMgjt! Ofi<liX! n{q! Ljxbqe<! &zl<!
kQi<g<g/ 

 3x+y+z= 1 
 x  +  z  =  0 
 5x+y+2z=2 

kQi<U: 

 ogiMg<gh<hm<m!sle<hiMgjt 

     

 AX = B 

=    = 3(0-1)-1(2-5)+1(1-0) 

  =-3-1(-3)+1 
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  =-3+3+1 

  =1 

Adj(A) gi{<g!

4.e<!sqx<x{q!Ogiju = (-1)1+1  

 = +(0-1) = -1 

2.e<!sqx<x{q!Ogiju = (-1)1+2   

    = -(2-5) = 3 

2.e<!sqx<x{q!Ogiju = (-1)1+3   

    = +(1-0) = 1 

 

2.e<!sqx<x{q!Ogiju = (-1)2+1   

    = -(2-1) = -1 

1.e<!sqx<x{q!Ogiju = (-1)2+2   

    = +(6-5) = 1 

2.e<!sqx<x{q!Ogiju = (-1)2+3   

    = -(3-5) = 2 

2.e<!sqx<x{q!Ogiju = (-1)3+1   

    = +(1-0) = 1 

2.e<!sqx<x{q!Ogiju = (-1)3+2   

    = -(3-1) = -2 

3.e<!sqx<x{q!Ogiju = (-1)3+3   

    = +(0-1) = -1 

adj (A)  = (sqx<x{q!Ogiju A)T 
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 = T 

=   

         A-1=   

    =  

     X  =  A-1 B 

 =  

=  

                     =  

Dkiv{l< 4.15: yV!okipqx<hbqx<sqbit<!-V!ujgbie!kbiiqh<H!A!lx<Xl<!BJ!dx<hk<kq!

osb<gqxii</!-V!-bf<kqvl<!M1,M2hbehMk<kq!nf<k!-V!ujgbie!kbiiqh<jh!dx<hk<kq!

osb<gqxii</!nf<k!kbiiqh<H!A lx<Xl<!B!osb<b!-bf<kqvl<!wMk<K!ogit<Tl<!Ofvl<!)l{q!

Ofvl<*!ogiMg<ghm<Mt<tK/ 

 kbiiqh<HA kbiiqh<H B 
-bf<kqvl< 
M1 

20 10 

-bf<kqvl 
M2 

10 20 

 

yu<ouiV! -bf<kqvk<kqx<Gl<! 711! l{qgt<! Okjuh<hMgqxK! weqz<! yu<ouiV! ujgbqz<!

wk<kje!nzGgt<!we!g{<Mhqc/ 

kQi<U: 

 dx<hk<kq!A lx<Xl<!Bbqe<!nzGgt<!x lx<Xl<!y!we<g/ 

ogiMg<gh<hm<mjk!n{q!ucuqz<!wPkzil< 
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  AX  =  B 

  =  = 400 – 100 =300 

adj (A) =  

&jzuqm<m!w{<j{!lix<xUl<!lx<Xl<!nMk<k!&jzuqm<m!w{<{qe<!Gxqjb!lix<xUl</!

)-f<k!uqkq!2x2n{qg<G!lm<Ml<* 

 A-1 =    

 X  = A-1 B 

       =    

       =   

       =   

 =  

 31!nzGgt<!-bf<kqvLl<!dx<hk<kq!osb<gqe<xe/!

Dkiv{l< 4.16:  yV!lVk<Ku!lje!kqeLl<!-bg<g!Okjuh<hMl</! h{l<)C)!we<hK!

dt<.Ofibitq(I)!lx<Xl<!outq.Ofibitqbqe (P)<!lx<Xl<!fqjzbie!okijgbqe<!%Mkz</ 

  C = a+bP+cI    …….(i) 

4.fijtg<gie!uquvl<!gQOp!ogiMg<gh<hm<Mt<tK/!a,b,c lkqh<Hgjt!Ofiqb!sle<hiMgt<!

njlk<K!Ofi<liX!n{q!Ljxbqz<!gi{<g/ 

fit<! h{l<! dt<!
Ofibitqbqe<!
w{<{qg<jg!

outq!
Ofibitqbqe<!
w{<{qg<jg 

1 6950 40 10 
2 6725 35 9 
3 7100 40 12 

 

kQi<U: 
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 nm<mujebqz<! dt<t! lkqh<Hgjt! (i)! hqiqkqbqm! gQp<g{<m! okimi<! Ofiqb!

sle<hiMgt<!gqjmg<Gl< 

 a+10b+40d = 6950 
 a+9b+35d = 6725 
 a+12b+40d = 7100 
 
OlZt<t!sle<him<jm!

 

=    =  

  AX = B 

=     

      = 1(360-420)-10(40-=35)+40(12-9) 

      =-60-50+120 

      =-10 

Adj(A) we<g!

2.e<!sqx<x{q!Ogiju = (-1)1+1  

 = +(360-420) = -60 

21.e<!sqx<x{q!Ogiju = (-1)1+2   

    = -(40-35) = -5 

51.e<!sqx<x{q!Ogiju = (-1)1+3   

    = +(12-9) = 3 

2.e<!sqx<x{q!Ogiju = (-1)2+1   

    = -(400-480) = 80 

:.e<!sqx<x{q!Ogiju = (-1)2+2   

    = +(40-40) = 0 
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:.e<!sqx<x{q!Ogiju = (-1)2+3   

    = -(12-10) = -2 

2.e<!sqx<x{q!Ogiju = (-1)3+1   

    = +(350-360) = -10 

23.e<!sqx<x{q!Ogiju = (-1)3+2   

    = -(35-40) = 5 

51.e<!sqx<x{q!Ogiju = (-1)3+3   

    = +(9-10) = -1 

adj (A)  = (sqx<x{q!Ogiju A)T 

=  

       A-1  =  

        A-1  =   

 =    

       X-1  = A-1B 

 =   

 =    =   

 (a, b, c) = (5000,75,30) 

 

hbqx<sq!g{g<Ggt< 
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1. A =   ,B =  , C =  

weqz< (i)4A+2B (ii)BA-B-2C gi{<g!

                                         uqjm: (i)      (ii)  

3/  = +  weqz<!x,y,z!lx<Xl<!w!J!gi{<g!

                                                         uqjm:  (x, y, z, w) =(2,4,1,3) 

3. X lx<Xl<!Y n{qgjt!gi{<g!!!!!!!!!!!!!!!!!!       2x – 3y =   , 

3x+2y =  

                                   uqjm:  X =   , y =  

4.  (AB)C = A(BC) if A=  B= ,   C=  siqhii</ 

5. \euiq! lx<Xl<! hqh<vuiq! likk<kqx<gie! si<g<gjv!lx<Xl<!niqsqbqe<!uqjzh<hm<bz<!
uquvr<gjt!gQOp!ogiMg<gh<hm<M<e/ 

 si<g<gjv niqsq 
\euiq 3 2 
hqh<vuiq 4 3 

 

si<g<gjv!lx<Xl<!niqsqg<G!'/91!lx<Xl<!'/:1J!\euiq!lx<Xl<!hqh<vuiq!likk<kqz<!

yV!GMl<hi<! oszU!osb<gqxK/!nf<k!GMl<hl<!nOk!ntuqz<! si<g<gjv!lx<Xl<!

uir<g!fqjeg<gqxK/!yu<ouiV!likLl<!wu<utU!si<g<gjv!lx<Xl<!niqsq!uir<g!

Ou{<Ml<@ 

6.  

      A = weqz<!sle<hiM!A3-6A2+9A-4I = 0 we!fqVhq/!

nkqzqVf<K!A-1J!gi{<g      

uqjm: A-1 =  
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7. -e<!n{qOgiju!lkqh<H!gi{<g 

                                                                                  uqjm:  -9 
 

8. A = .e<!Ofi<liX!gi{<g 

uqjm: A-1 =   

9. gQOp!ogiMg<gh<hm<Mt<t!Ofiqb!sle<him<cje!n{qjbh<!hbe<hMk<kq!kQi</!!!!!!!!!!!!
X+y+2z = 4 
2x-y+3z = 9 
3x-y-z = 2 

                                                                         uqjm: (2, -1, 5) 

 
Ifd; kjpg;G kw;Wk; Ifd; jpirnad;   Ifd; kjpg;G kw;Wk; Ifd; jpirnad;   Ifd; kjpg;G kw;Wk; Ifd; jpirnad;   Ifd; kjpg;G kw;Wk; Ifd; jpirnad;    

 Let A=[aij] vd;w rJu mzpapd; gbvd;w rJu mzpapd; gbvd;w rJu mzpapd; gbvd;w rJu mzpapd; gb “n”  epuy;  jpirnad;   epuy;  jpirnad;   epuy;  jpirnad;   epuy;  jpirnad;    ® =
ì
íî

������⋮��ï
ðñ  

AX = λX. 

   

   X→ Ifd; jpirnad; Ifd; jpirnad; Ifd; jpirnad; Ifd; jpirnad;  

 

λ→ Ifd; kjpg;GIfd; kjpg;GIfd; kjpg;GIfd; kjpg;G 

 

 A=[aij] vd;w rJu mzpapd; gbvd;w rJu mzpapd; gbvd;w rJu mzpapd; gbvd;w rJu mzpapd; gb “n”   

� = ò�@óô = Þ��� ��� ������ ��� ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ���
ä 

 

AX = λX              -------�(1) 

     AX – λX = 0 

     (A – λI)X = 0      --------�(2) 

 

 A – λI =  Þ��� ��� ������ ��� ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ���
ä − õ å1 0 00 1 0 ⋯ 00⋮ ⋱ ⋮0 0 0 ⋯ 1æ 
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  =  Þ��� ��� ������ ��� ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ���
ä − åõ 0 00 õ 0 ⋯ 00⋮ ⋱ ⋮0 0 0 ⋯ õæ 

 

=  Þ��� − õ ��� ������ ��� − õ ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ��� − õä 

 

 

 

(2)⇒ (A – λI)X = 0  

   Þ��� − õ ��� ������ ��� − õ ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ��� − õä å����⋮��
æ = 0 

  ���� –  õ���  +  ��� ��     +  … + ��� �� = 0            ����� +  ����–  õ ���  +  … + ��� �� = 0       ------�(3) ⋮ �����  +  ��� ��    +   …  + ����–  õ� �� = 0  
    │A – λI│= 0 

 

    ö��� − õ ��� ������ ��� − õ ��� ⋯ ������⋮ ⋱ ⋮��� ��� ��� ⋯ ��� − õö = 0 →(4) 

 

 (4) or │A – λI│= 0 rpwg;gpay;Grpwg;gpay;Grpwg;gpay;Grpwg;gpay;G 

 

 
rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL    

 rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G rkd;ghLrkd;ghLrkd;ghLrkd;ghL │A – λI│= 0 

      OR 

 λ
n
 – D1 λ

n-1 
+ D2 λ

n-2
 – D3 λ

n-3
 + … + (–1)

n
Dn = 0 

 
1. rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL L × L vd;w mzpf;Fvd;w mzpf;Fvd;w mzpf;Fvd;w mzpf;F 

                  ÷L − ø,÷ + øL = J 

Where ø, = Sum of the main diagonal elements (or) Trace of A     øL = ùúû���  �bc� |�|  
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2. rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL / × / vd;w mzpf;Fvd;w mzpf;Fvd;w mzpf;Fvd;w mzpf;F 

                  ÷/ − ø,÷L + øL÷ − ø/ = J 

Where ø, = Sum of the main diagonal elements (or) Trace of A     øL = Sum of the L × L  minors of a main diagonal elements     ø/ = ùúû���  �bc� |�|  
 

1.� = �I ,/ L�    vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f. 

kQi<U;kQi<U;kQi<U;kQi<U;  

 rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� − ü�õ + ü� = 0 ü� = 4 + 2 = 6 ü� = det���  �}�� |�| 
 = �4 13 2� = 8 − 3 = 5  

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL ∴  õ� − 6õ + 5 = 0 

 

2.� = �, −LL −,�    vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f. 

kQi<U;kQi<U;kQi<U;kQi<U;  

 rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G rkd;ghLrkd;ghLrkd;ghLrkd;ghL õ� − ü�õ + ü� = 0 ü� = 1 – 1 = 0 ü� = det���  �}�� |�| 
 = �1 −22 −1� = −1 + 4 = 3  

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL ∴ õ� − 0õ + 3 = 0 7. 8. , õ� + 3 = 0 

 

3.� = ç M −^ L−^ { −IL −I / è    vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f. 

kQi<U;kQi<U;kQi<U;kQi<U;  

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� − ü�õ� + ü�õ − ü� = 0 ü�= 8 + 7 + 3 =18 ü� = � 7 −4−4 3 � + �8 22 3� + � 8 −6−6 7 � 
= 5 + 20 + 20 

= 45 ü� = det���  �}�� |�| 
= � 8 −6 2−6 7 −42 −4 3 � 
= 8�5� + 6�−10� + 2�10� = 40 − 60 + 20 
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= 0 

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL ∴ õ� − 18õ� + 45õ − 0 = 0 7. 8. , õ� − 18õ� + 45õ = 0 

 

 
gapw;rpfzf;Ffs; gapw;rpfzf;Ffs; gapw;rpfzf;Ffs; gapw;rpfzf;Ffs;  

1. � = �1 32 5�    vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.     

2. � = ç3 2 −12 1 04 −1 6 è    vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f.vd;w mzpf;F rpwg;gpay;G rkd;ghLfis fhz;f. 

 
tpilfs;tpilfs;tpilfs;tpilfs; 

1. rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G rpwg;gpay;G õ� − 5õ + 7 = 0 

2. rpwg;gpay;Grpwg;gpay;Grpwg;gpay;Grpwg;gpay;G õ� − 10õ� + 27õ − 0 = 0 

 
vLj;Jf;fhl;Lfs;: vLj;Jf;fhl;Lfs;: vLj;Jf;fhl;Lfs;: vLj;Jf;fhl;Lfs;:  
 

1.� = �I ,/ L� Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; jpirnad;   Ifd; jpirnad;   Ifd; jpirnad;   Ifd; jpirnad;   fhz;ffhz;ffhz;ffhz;f        

jPh;T:jPh;T:jPh;T:jPh;T:        

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� − ü�õ + ü� = 0 

      ü�  = 4 + 2  = 6 ü� = det � = |�| 
  = �4 13 2� = 8 – 3 = 5 

∴ rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLõ� − 6õ + 5 = 0 

   

i.e., �õ − 1��õ − 5� = 0    

∴  Ifd; kjpg;G Ifd; kjpg;G Ifd; kjpg;G Ifd; kjpg;G ÷ = ,, N.                      

Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;      fhz;ffhz;ffhz;ffhz;f        

(A – λI)X = 0 ,  ® = ������ 

⇒ �4 − λ 13 2 − λ
� ������ = �00� 

 ⇒  (4 − λ��� +  1. �� = 0 

3.�� +  �2 − λ��� = 0 

Case (i): ÷ = N 

 −�� +  1. �� = 0 

3.�� − 3�� = 0 

 −�� +  1. �� = 0 



108 

 

 −�� = −�� ��1 = ��1  

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = �11� 

 

Case (ii): ÷ = , 

 3. �� +  1. �� = 0 

3.�� + 1.3�� = 0 

  3. �� +  1. �� = 0 

 3.�� = −�� ��−1 = ��3  

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = �−13 �  

 

2. � = �−L LL ,� Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; kjpg;G kw;Wk; Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;      fhz;ffhz;ffhz;ffhz;f 

jPh;T:jPh;T:jPh;T:jPh;T:    

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLõ� − ü�õ + ü� = 0 

      ü�  = – 2 + 1 = –1 ü� = det � = |�| 
  = �−2 22 1� =  – 2 – 4 = –6 

∴ rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� + õ − 6 = 0 

        

i.e., �õ − 2��õ + 3� = 0 ∴  Ifd; kjpg;GIfd; kjpg;GIfd; kjpg;GIfd; kjpg;G ÷ = −/, L. 

Ifd; ntf;lhiu fhz;fIfd; ntf;lhiu fhz;fIfd; ntf;lhiu fhz;fIfd; ntf;lhiu fhz;f (A – λI)X = 0 , ® = ������ 

⇒ �−2 − λ 22 1 − λ
� ������ = �00� 

 ⇒  (−2 − λ��� +  2. �� = 0 

2.�� +  �1 − λ��� = 0 

Case (i): ÷ = −/ 

 �� +  2. �� = 0 2. �� + 4. �� = 0 

 

Let  �� +  2. �� = 0 
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 �� = −2�� ��2 = ��−1 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;    ®� = � 2−1�  

Case (ii): ÷ = L 

 −4. �� +  2. �� = 0 2. �� − �� = 0 

 2. �� − �� = 0 

 2�� = �� ��1 = ��2  

∴ Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;    ®� = �12�  

 

3.� = ç L L JL , ,−{ L −/è Ifd; kjpg;G kw;Wk; Ifd; ntf;lhiu fhz;fIfd; kjpg;G kw;Wk; Ifd; ntf;lhiu fhz;fIfd; kjpg;G kw;Wk; Ifd; ntf;lhiu fhz;fIfd; kjpg;G kw;Wk; Ifd; ntf;lhiu fhz;f 

jPh;T:jPh;T:jPh;T:jPh;T:    

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� − ü�õ� + ü�õ − ü� = 0 

      ü� = 2 + 1 – 3 = 0 

ü�      = �1 12 −3� + � 2 0−7 −3� + �2 22 1� 
     = – 5 – 6 – 2 = – 13 ü� = det � = |�| 
  = � 2 2 02 1 1−7 2 −3� =  2(– 5) – 2(1) + 0(11) = –10 – 2 = – 12 

 

 

 ∴ rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� + 0õ� − 13õ + 12 = 0 

 

1 1 0 – 13 12 

 0 1 1 – 12 

 1 1 –12 0 

   i.e., õ = 1, õ� + õ − 12 = 0   

i.e., õ = 1, �õ − 3��õ + 4� = 0 ∴  Ifd; kjpg;G Ifd; kjpg;G Ifd; kjpg;G Ifd; kjpg;G ÷ = ,, /, −I. 

Ifd; ntf;lhiu Ifd; ntf;lhiu Ifd; ntf;lhiu Ifd; ntf;lhiu fhz;ffhz;ffhz;ffhz;f  (A – λI)X = 0,   ® = ç������
è 
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⇒ ç2 − λ 2 02 1 − λ 1−7 2 −3 − λ

è ç������
è = ç000è 

⇒  (2 − λ��� +  2. �� + 0. �� = 0 

2.�� +  �1 − λ��� + 1. �� = 0       (I) −7. �� +  2. �� + �−3 − λ��� = 0 

 

Case (i): ÷ = , 

 �� +  2. �� + 0. �� = 0 

 2. �� +  0. �� + 1. �� = 0 

 −7�� +  2. �� − 4. �� = 0 

 �� +  2. �� + 0. �� = 0 

     2. �� +  0. �� + 1. �� = 0        ��       ��        ��  

2 0  1 2 

0 1 2 0 

 ��
�2 00 1� = ��

�0 11 2� = ��
�1 22 0� 

⇒ ��2 = ��−1 = ��−4 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = ç 2−1−4è  

 

Case (ii): ÷ = / 

 −1. �� +  2. �� + 0. �� = 0 

 2. �� − 2. �� + 1. �� = 0 

 −7�� +  2. �� − 6. �� = 0 
 −1. �� +  2. �� + 0. �� = 0 

 2. �� − 2. �� + 1. �� = 0        ��       ��        ��  

2 0 –1 2 

–2 1 2 –2 

 ��
� 2 0– 2 1� = ��

�0 −11 2 � = ��
�−1 22 −2� 

⇒ ��2 = ��1 = ��−2 
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∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;    ®� = ç 21−2è  

Case (iii): ÷ = −I 

 6. �� +  2. �� + 0. �� = 0 

 2. �� + 5. �� + 1. �� = 0 

 −7�� +  2. �� + 1. �� = 0 
 

 6. �� +  2. �� + 0. �� = 0 

              2. �� + 5. �� + 1. �� = 0        ��       ��        ��  

2 0` 6 2 

5 1 2 5 

 ��
�2 05 1� = ��

�0 61 2� = ��
�6 22 5� 

⇒ ��2 = ��−6 = ��26 

⇒ ��1 = ��−3 = ��13 

 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = ç 1−313è  

 

4.� = ç L −/ ,/ , /−N L −Iè Ifd; kjpg;G kw;Wk; Ifd;Ifd; kjpg;G kw;Wk; Ifd;Ifd; kjpg;G kw;Wk; Ifd;Ifd; kjpg;G kw;Wk; Ifd;    ntf;lhiu fhz;fntf;lhiu fhz;fntf;lhiu fhz;fntf;lhiu fhz;f 

jPh;T:jPh;T:jPh;T:jPh;T:    

rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLõ� − ü�õ� + ü�õ − ü� = 0 

      ü�  = 2 + 1 – 4 = – 1 ü�  

     = �1 32 −4� + � 2 1−5 −4� + �2 −33 1 � 
     = – 10 – 3 + 11   = – 2 ü� = det � = |�| 
  = � 2 −3 13 1 3−5 2 −4� =  2(– 10) + 3(3) + 1(11) = –20 + 9 +11 = 0 

∴ rpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghLrpwg;gpay;G rkd;ghL õ� + õ� − 2õ + 0 = 0 
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   i.e.,õ� + õ� − 2õ = 0 

i.e., õ�õ� + õ − 2� = 0   

i.e., õ = 0, �õ − 1��õ + 2� = 0 ∴ Ifd; kjpg;GIfd; kjpg;GIfd; kjpg;GIfd; kjpg;G ÷ = J, ,, −L. 

Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;      fhz;ffhz;ffhz;ffhz;f Let (A – λI)X = 0,  ® = ç������
è 

⇒ ç2 − λ −3 13 1 − λ 3−5 2 −4 − λ

è ç������
è = ç000è 

⇒  (2 − λ��� − 3. �� + 1. �� = 0 3. �� +  �1 − λ��� + 3. �� = 0       (I) −5. �� +  2. �� + �−4 − λ��� = 0 

Case (i): ÷ = J 

 2�� − 3. �� + 1. �� = 0 

 3. �� +  1. �� + 3. �� = 0 

 −5�� +  2. �� − 4. �� = 0 

 2�� − 3. �� + 1. �� = 0 

 3. �� +  1. �� + 3. �� = 0        ��       ��        ��  

–3 1` 2 –3 

1 3 3 1 

 ��
�−3 11 3� = ��

�1 23 3� = ��
�2 −33 1 � 

⇒ ��−10 = ��−3 = ��11 

⇒ ��10 = ��3 = ��−11 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = ç 103−11è  

Case (ii): ÷ = −L 

 4�� − 3. �� + 1. �� = 0 

 3. �� +  3. �� + 3. �� = 0 

 −5�� +  2. �� − 2. �� = 0 

 4�� − 3. �� + 1. �� = 0 

 3. �� +  3. �� + 3. �� = 0 
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       ��       ��        ��  

–3 1` 4 –3 

3 3 3 3 

 ��
�−3 13 3� = ��

�1 43 3� = ��
�4 −33 3 � 

⇒ ��−12 = ��−9 = ��21 

⇒ ��4 = ��3 = ��−7 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;    ®� = ç 43−7è  

 

Case (iii): ÷ = , 

 1. �� − 3. �� + 1. �� = 0 

 3. �� +  0. �� + 3. �� = 0 

 −5�� +  2. �� − 5. �� = 0 

 1. �� − 3. �� + 1. �� = 0 

 3. �� +  0. �� + 3. �� = 0        ��       ��        ��  

–3 1` 1 –3 

0 3 3 0 

 ��
�−3 10 3� = ��

�1 13 3� = ��
�1 −33 0 � 

 

⇒ ��−9 = ��0 = ��9  

 

⇒ ��−1 = ��0 = ��1  

 

∴  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  Ifd; jpirnad;  ®� = ç−101 è  

 


