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ABSTRACT ALGEBRA — II 

(For those who joined in July 2017 onwards) 

Time : Three hours Maximum : 75 marks  

SECTION A — (10 × 1 = 10 marks)  

Answer ALL questions. 

 Choose the correct answer : 

1. ( ) ( )RVRVT 32: →  ÷|›¯À E¸©õØÓzvÀ 

( ) ( )0,,,, yxzyxT =  GÚ Áøμ¯ÖUP¨£mhx 

GßÓõÀ, KerT  = ___________. 

 (A) ( ){ }Rzz ∈/,0,0   

 (B) ( ){ }Ryy ∈/0,,0  

 (C) ( ){ }Rzxzx ∈,/,0,   

 (D) ( ){ }Rzyxzyx ∈,,/,,  
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 In Linear Transform of ( ) ( )RVRVT 32: →  is 

defined as finite ( ) ( )0,,,, yxzyxT = ,  KerT  = 

___________. 

 (a) ( ){ }Rzz ∈/,0,0   

 (b) ( ){ }Ryy ∈/0,,0  

 (c) ( ){ }Rzxzx ∈,/,0,   

 (d) ( ){ }Rzyxzyx ∈,,/,,  

2. J¸ vø\¯ß öÁÎ V Cß EÒ öÁÎPÍõÚ A 

©ØÖ® Bø¯ EÒÍhUQ¯ «a]Ö EÒöÁÎ¯õÚx 

___________. 

 (A) BA ∪   (B) BA ∩  

 (C) BAΔ    (D) BA +  

 The smallest subspace of a vector space V, which 
contains the subspaces A and B is ___________. 

 (a) BA ∪   (b) BA ∩  

 (c) BAΔ    (d) BA +  

3. ( )RV2 -&À, ( ){ }0,4=S  GßP. GÛÀ ( ) =SL  

___________. 

 (A) S   (B) ( ){ }Rxx ∈/0,  

 (C) ( ){ }Ryy ∈/,0  (D) ( )RV2  
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 In ( )RV2 , let ( ){ }0,4=S . Then ( ) =SL  ___________. 

 (a) S   (b) ( ){ }Rxx ∈/0,  

 (c) ( ){ }Ryy ∈/,0  (d) ( )RV2  

4. L(L(S)) = ___________. 

 (A) S   (B) L(S) 

 (C) V   (D) ( )SL2  

 L(L(S)) = ___________. 

 (a) S   (b) L(S) 

 (c) V   (d) ( )SL2  

5. VrankT dim=  GÛÀ, Nullity =T  ___________. 

 (A) 0   (B) dim V 

 (C) 1   (D) ∞ 

 If VrankT dim= , then Nullity =T  ___________. 

 (a) 0   (b) dim V 

 (c) 1   (d) ∞ 

6. ( )RV3 À uμ©õÚ EÒÏmk ö£¸UP¼À (1, 2, 3) GßÓ 

vø\¯ß }Í® ___________. 

 (A) 6   (B) 14 

 (C) 14    (D) 1 
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 The norm of the vector (1, 2, 3) In ( )RV3  with 

standard inner product is ___________. 

 (a) 6   (b) 14 

 (c) 14    (d) 1 

7. 
















4400
4310

3111

 GßÓ Ao°ß uμ® ___________. 

 (A) 1   (B) 2 

 (C) 3   (D) 4 

 The rank of the matrix 
















4400
4310

3111

 is 

___________. 

 (a) 1   (b) 2 

 (c) 3   (d) 4 

8. uø»RÌ Ao Põn C¯»õu Ao Gx? 

 (A) 







10
01

  (B) 








11
2

3
2

3
 

 (C) 







01
10

  (D) 










2
1

2
1

2
3

2
1

 



 

 Code No. : 20574 B Page 5 

 

 The inverse matrix does note exist for ___________. 

 (a) 







10
01

  (b) 








11
2

3
2

3
 

 (c) 







01
10

  (d) 










2
1

2
1

2
3

2
1

 

9. Aß IPß ©v¨¦PÒ –1, 2, 5 GÛÀ ( ) 13 −A  Ao°ß 

IPß ©v¨¦PÒ ___________. 

 (A) 1, 
4
1

, 
25
1

 (B) –3, 6, 15 

 (C) 
3
1− , 

6
1

, 
15
1

 (D) 1, 4, 25 

 If the eigen values of A are –1, 2, 5, then the eigen 
values of ( ) 13 −A , then ___________. 

 (a) 1, 
4
1

, 
25
1

 (b) –3, 6, 15 

 (c) 
3
1− , 

6
1

, 
15
1

 (d) 1, 4, 25 

10. C¸£i ÁiÁ® 22 342 yxyx +−  Gß£uß Ao 

ÁiÁ® ___________. 

 (A) 







− 32

22
  (B) 








−

−
32
22

 

 (C) 







−

−

2
32
21

 (D) 







−

−
34
42
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 The matrix of the quadratic form 22 342 yxyx +−  is 
___________. 

 (a) 







− 32

22
  (b) 








−

−
32
22

 

 (c) 







−

−

2
32
21

 (d) 







−

−
34
42

 

SECTION B — (5 × 5 = 25 marks) 

Answer ALL questions, choosing either (a) or (b). 

11. (A) F GßÓ ¦»zvß «x V J¸ vø\¯ß öÁÎ 
GßP. J¸ öÁØÓØÓ EmPn® W, AøÚzx 

Wvu ∈, , ∈ Fβα , Wvu ∈+ βα  GÚ 

C¸¢uõÀ ©mk÷© V&°ß EÒöÁÎ BS® 
GÚU Põmk. 

  Let V be a vector space over a field F. Show 
that a nonempty subset W of V is a subspace 
of V if and only if Wvu ∈,  and ∈ Fβα ,  

Wvu ∈+ βα .  

Or 

 (B) F ¦»zvß «x V ©ØÖ® W vø\¯ß öÁÎPÒ 
GÛÀ L(V, W) Gß£x VÀ C¸¢x WUS 
Aø©²® ÷|›¯À E¸©õØÓ[PÒ AøÚzx® 
öPõsh Pn® GÛÀ, L(V, W) Gß£x Fß «x 
Aø©²® vø\¯ß öÁÎ GÚ {¹¤. 
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  Let V and W be vector spaces over a field F. 
Let L(V, W) be the set-off all linear 
transformations from V to W. Then prove 
that L(V, W) is a vector space over F. 

12. (A) ÷|›¯À \õº¦øh¯ Pnzøu EÒÍhUQ¯ 
G¢uöÁõ¸ Pn•® ÷|›¯À \õº¦øh¯x GÚU 
Põmk. 

  Prove that any set containing a linear 
dependent set is also linear dependent. 

Or 

 (B) J÷μ £›©õn•øh¯ C¸ vø\¯ß öÁÎPÒ 
K›Ú \õº¦øh¯øÁ GÚ {ÖÄP. CvÀ C¸ 
vø\¯ß öÁÎPÎß ¦»•® F GÚU öPõÒP.  

  Prove that any two vector spaces of the same 
dimension over a field F are isomorphic. 

13. (A) Qμõ®&ìªz •øÓø¯¨ £¯ß£kzv uμ©õÚ 
EÒö£¸UPÀ Eøh¯ ( )RV3 ß AiUPn® 

{ }321 ,, vvv . CvÀ ( )1,0,11 =v , ( )1,3,12 =v , 

( )1,2,33 =v  Gß£uØS A»S ö|Ô© ö\[Szx 
AiUPn® PmkP. 

  Apply Gram-Schmidt process to construct an 
orthonormal basis for ( )RV3  with the 
standard inner product for the basis 
{ }321 ,, vvv  where ( )1,0,11 =v , ( )1,3,12 =v , 

( )1,2,33 =v . 

Or 
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 (B) J¸ Áøμ¯ÖUP¨£mh £›©õn•øh¯ 

EÒö£¸UPÀ öÁÎ V GßP. W Auß 

EÒöÁÎ GÛÀ ⊥⊕= WWV GÚ {ÖÄP. 

  Let V be a finite dimensional inner product 
space W be its subspace. Then prove that 

⊥⊕= WWV . 

14. (A) Ao°ß uø»RÌ Põs Ai¨£øh E¸©õØÓ 

•øÓ¨£i 
















−
−=
312
113

201

A . 

  Find the inverse of the matrix 

















−
−=
312
113

201

A  using elementary 

transformations. 

Or 

 (B) öP´¼ ÷íªÀhß ÷uØÓ® \› £õº 









=

34
21

A . 

  Verify Cayley Hamilton’s theorem for the 

matrix 







=

34
21

A . 
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15. (A) 
















−

−
=

310
212

722

A  GßÓ Ao°ß C¸ IPß 

©v¨¦PøÍ¨ ö£¸UQÚõÀ –12 GÛÀ A&ß 
IPß ©v¨¦PÒ Põs. 

  The product of two eigen values of the matrix 

















−

−
=

310
212

722

A  is –12. Find the eigen values 

of A. 
Or 

 (B) J¸ ö©´ \©a^º Ao°ß ]Ó¨¤¯À¦ 
wºÄPÒ AøÚzx® ö©´ GÚ {ÖÄP. 

  Show that the characteristic roots of a real 
symmetric matrix are real. 

SECTION C — (5 × 8 = 40 marks)  

Answer ALL questions, choosing either (a) or (b). 

16. (A) F GßÓ ¦»zvß «x V Gß£x vø\¯ß öÁÎ 
GßP. W Gß£x Vß EÒöÁÎ GÛÀ {ÖÄP. 

WV /  Gß£x F «x EÒÍ J¸ vø\¯ß 
öÁÎ. 

  Let V be a vector space over F and W be a 
subspace of V. Then prove that WV /  is a 
vector space over F. 

Or 
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 (B) ÷|›¯À E¸©õØÓzvØPõÚ Ai¨£øhz 
÷uØÓ® TÔ {ÖÄP. 

  State and prove fundamental theorem of 
homomorphism. 

17. (A) F GßÓ ¦»zvß «x V J¸ öÁUhº öÁÎ. 

{ }nvvvS ....,, 21=  GßÓ Pn® V°ß ÷|›¯À 

}mh® GßP. { }mwwwS ...,,, 211 =  J¸ ÷|›¯À 

\õº¤À»õ vø\¯ßPÎß Pn® GßÓõÀ nm ≤  
GÚU Põmk. 

  Let V be a vector space over a field F. Let 
{ }nvvvS ....,, 21=  span V. Let 

{ }mwwwS ...,,, 211 =  be a linearly 

independent set of vectors in V. Then show 
that nm ≤ . 

Or 

 (B) V Gß£x Áøμ¯ÖUP¨£mh £›©õn•øh¯ 

vø\¯ß öÁÎ GßP. A, B Gß£øÁ V&°ß 
EÒöÁÎPÒ GÛÀ, {ÖÄP 

( ) ( )BABABA ∩−+=+ dimdimdimdim . 

  Let V be a finite dimensional vector  
space over a field F. Let A, B be subspaces of 
V. Then show that 

( ) ( )BABABA ∩−+=+ dimdimdimdim . 
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18. (A) JÆöÁõ¸ Áøμ¯ÖUP¨£mh EÒö£¸UPÀ 
öÁÎ²® Kμ»S ö|Ô© ö\[Szx AiUPn® 
öPõshx GÚ {¹¤. 

  Prove that every finite dimensional inner 
product space has an orthonormal basis. 

Or 

 (B) Áøμ¯Özu £›©õn•øh¯ EÒö£¸UPÀ 

öÁÎ°ß EÒöÁÎPÒ 1W  ©ØÖ® 2W  GÛÀ, 

{ÖÄP ( ) ⊥⊥⊥ ∩=+ 2121 WWWW . ÷©¾® 
⊥⊥⊥⊥ +=∩ 2121 WWWW . 

  If 1W  and 2W  are subspaces of a  

finite dimensional inner product space,  

show that ( ) ⊥⊥⊥ ∩=+ 2121 WWWW  and 
⊥⊥⊥⊥ +=∩ 2121 WWWW . 

19. (A) Ao°ß uμ® Põs. 















=

7012
7436

3124

A . 

  Find the rank of the matrix 
















=

7012
7436

3124

A . 

Or 
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 (B) öP´¼&÷íªÀhß ÷uØÓ® £i 















 −
=

200
422

201

A  AoUS 1−A , 4A  Põs. 

  Using Cayley Hamilton’s theorem for the 

matrix 














 −
=

200
422

201

A . Find 1−A , 4A . 

20. (A) IPß ©v¨¦ ©ØÖ® IPß vø\¯ßPÒ Põs 

















−

−
=

131
111

222

A . 

  Find the eigen values and eigen vectors of 

the matrix 
















−

−
=

131
111

222

A . 

Or 

 (B) C¸£i ÁiÁ® ‰ø»Âmh ÁiÁ©õP 
SÖSÁøu ö»Uμõßâ •øÓ¨£i ÂÍUSP. 

  Explain the Lagrange’s method of reducing 
quadratic form to a diagonal form. 

——————— 


