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ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á ( Term End Examination ) : 

 ◊Qˆ„a∂ëˆÃ[˝, 2014 C L«X, 2015 

G◊STˆ ( Mathematics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

Yá˚] Yy ( 5th Paper : Linear Algebra & 
Transformation ) 

a]Ã^  f ªV«c˜O H∞RÙOÁ Y…SÔ]ÁX  f 50 
Time : 2 Hours Full Marks : 50 

( ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% ) 
( Weightage of Marks : 70% ) 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for accuracy and relevance 

in the answer. Marks will be deducted for incorrect 
spelling, untidy work and illegible handwriting. 

The weightage for each question has been 
indicated in the margin. 

 

◊[˝\ˆÁG — Eı 

Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

1* (Eı) nnijaA ×= )(  AEı◊ªRÙO n ]Á◊≈yEı [˝GÔ ]ÓÁ◊ÆœÙj* Y“]ÁS 

EıÃ[˝”X Â^ 1|det|)(det −= nAadjA , Nn ∈ A[˝e 

3≥n . 5 

 (F) ÂVFÁX Â^ 
222

222
222

2
2

2

cabab
abacc
bcabc

−
−

−

◊XSÔÁÃ^Eı◊ªRÙO %XÓ AEı◊ªRÙO ◊XSÔÁÃ^„EıÃ[˝ [˝GÔ* AÃ[˝ aÁc˜Á„^Ó 

[˝Á %XÓ =YÁ„Ã^ ÂVFÁX Â^ A◊ªRÙOÃ[˝˝ ]ÁX 
2333 )3( abccba −++  c˜„[˝* 2 + 3 

2* (Eı) 
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

−
−=

zyx
zyx
zy

A
20

 ]ÓÁ◊ÆœÙj◊ªRÙO %Ã[˝„UÁ„GÁXÁ_ c˜„_ 

x, y, z -AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X A[˝e 1−A ]ÓÁ◊ÆœÙj◊ªRÙO 

◊_F«X* 4 + 1 

 (F) 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−
−−−
−−

=
7036
2313
4211
1132

B  ]ÓÁ◊ÆœÙj◊ªRÙO„Eı ÿëˆÁ\ˆÁ◊[˝Eı 

%ÁEıÁ„Ã[˝ Ã[˝÷YÁ‹ôˆ◊Ã[˝Tˆ Eı„Ã[˝ ]ÁyÁ ◊XSÔÃ^ EıÃ[˝”X*
 

4 + 1 

3* (Eı) Y“]ÁS EıÃ[˝”X Â^ ÂEıÁX aa›] Â\ˆkÙÃ[˝„V„`Ã[˝ AEı◊ªRÙO 

[˝◊XÃ^ÁV (basis) UÁEı„[˝c˜O* 5 

 (F) c˜O=◊zı◊QˆÃ^ Â\ˆkÙÃ[˝„V„`Ã[˝ aep˚Á ◊VX* aa›] n ]Á◊≈yEı 

c˜O=◊zı◊QˆÃ^ Â\ˆkÙÃ[˝„V„` },...,,{ 21 naaa  AEı◊ªRÙO _∂ëˆ 

Â\ˆkÙ„Ã[˝Ã[˝ ÂaªRÙO c˜„_ ÂVFÁX Â^ Am◊_ ÈÃ[˝◊FEı 

%◊X\ˆ¤Ã[˝`›_ c˜„[˝* 2 + 3 
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4* (Eı) i) T : IR 3 → IR2 A[˝e ),2(),,( yzxzzyxT =  

c˜„_ T AEı◊ªRÙO ÈÃ[˝◊FEı Ã[˝÷YÁ‹ôˆÃ[˝ c˜„[˝ ◊Eı ? =w¯„Ã[˝Ã[˝ 

Y„l˘ ^«◊N˛ ◊VX*  

  ii) T1 : IR 2 → IR3AEı◊ªRÙO ÈÃ[˝◊FEı Ã[˝÷YÁ‹ôˆÃ[˝ Â^FÁ„X 

)1,3,2()0,1(1 =T , )2,0,3()1,1(1 =T  c˜„_ 

),(1 yxT ◊XSÔÃ^ EıÃ[˝”X*  

    2 + 3 

 (F) AEı◊ªRÙO [˝Áÿôˆ[˝ ◊•HÁT ˆÃ[˝÷Y EıFX W˝XÁ±¡Eı ◊X◊V¤rÙ    

%ÁEıÁÃ[˝ c˜„[˝ ? zxyzzyx 124186 222 −−++ -ÂEı 

ÿëˆÁ\ˆÁ◊[˝Eı %ÁEıÁ„Ã[˝ Ã[˝÷YÁ‹ôˆ◊Ã[˝Tˆ Eı„Ã[˝ %X«aμ˘ÁX EıÃ[˝”X Â^ 

A◊ªRÙO W˝XÁ±¡Eı %ÁEıÁ„Ã[˝Ã[˝ c˜„[˝ ◊EıXÁ* A◊ªRÙOÃ[˝ ]ÁyÁ ◊XSÔÃ^ 

EıÃ[˝”X* 1 + 3 + 1 

 ◊[˝\ˆÁG — Fı 

Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

5* Cayley-Hamilton-AÃ[˝ (]ÓÁ◊ÆœÙj a+◊EÔıTˆ) =YYÁVÓ◊ªRÙO 

◊[˝[˝ Tˆ EıÃ[˝”X A[˝e Y“]ÁS EıÃ[˝”X* 1 + 5 

6* 'a' A[˝e 'b' -AÃ[˝ ÂEıÁXÀ ÂEıÁXÀ [˝Áÿôˆ[˝ ]Á„XÃ[˝ LXÓ 

1=++ zyx , bzyx =−+ 2 , 275 bazyx =++

a]›EıÃ[˝Sy„Ã^Ã[˝ (i)  ÂEı[˝_]Áy AEı◊ªRÙO a]ÁW˝ÁX UÁ„Eı,             

(ii)  %aeFÓ a]ÁW˝ÁX UÁ„Eı, (iii)  ÂEıÁX a]ÁW˝ÁX UÁ„Eı XÁ ? 

^«◊N˛ac˜ =VÁc˜Ã[˝S ◊VX* 2 + 2 + 2 

7*  
⎩
⎨
⎧ ∈⎟

⎠
⎞⎜

⎝
⎛= dcbadc

baV ,,,;   

 
⎩
⎨
⎧

=+
∈

⎟
⎠
⎞⎜

⎝
⎛= 0

,,,;2 ca
dcba

cb
baW  

 ÂVFÁX Â^ W,  V Â\ˆkÙÃ[˝„V„`Ã[˝ AEı◊ªRÙO =Y-Â\ˆkÙÃ[˝„V` c˜„[˝* 

W-AÃ[˝ ]ÁyÁ ◊XSÔÃ^ EıÃ[˝”X C W-AÃ[˝ AEı◊ªRÙO [˝◊XÃ^ÁV ◊_F«X*  

  3 + 2 + 1 

8* 
0

0
0

0

xyz
xzy
yzx
zyx

◊XSÔÁÃ^Eı◊ªRÙO„Eı ªJÙÁÃ[˝◊ªRÙO ÈÃ[˝◊FEı =dYÁV„EıÃ[˝ 

(linear factors) mSZı_ Ã[˝÷„Y Y“EıÁ` EıÃ[˝”X* x, y, z ^◊V 

AEı◊ªRÙO ◊≈y\«ˆ„LÃ[˝ ◊TˆX◊ªRÙO [˝ÁßÃ[˝ ÈVHÔÓ c˜Ã^ Tˆ„[˝ ÂVFÁX Â^ 

◊XSÔÁÃ^Eı◊ªRÙO `…XÓ ]ÁX ◊X„Tˆ YÁ„Ã[˝ XÁ* 5 + 1 

9* 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−−

−

211
121
112

 ]ÓÁ◊ÆœÙj◊ªRÙOÃ[˝ %Ác˜O„GX ]ÁXm◊_ ◊XSÔÃ^ EıÃ[˝”X* 

A„VÃ[˝ LXÓ %Ác˜O„GX Â\ˆkÙÃ[˝m◊_C ◊XSÔÃ^ EıÃ[˝”X* Ac˜O 

%Ác˜O„GX Â\ˆkÙÃ[˝m◊_ ◊Eı ÈÃ[˝◊FEı ◊X\ˆ¤Ã[˝`›_ ? =w¯„Ã[˝Ã[˝ Y„l˘ 

^«◊N˛ ◊VX* 6 

10* AEı◊ªRÙO [˝Áÿôˆ[˝ Â\ˆkÙÃ[˝„V` V ÂTˆ V«◊ªRÙO Â\ˆkÙ„Ã[˝Ã[˝ %\ˆÓ‹ôˆÃ[˝›S 

mS„XÃ[˝ aep˚Á ◊VX* AEı◊ªRÙO c˜O=◊zı◊QˆÃ^ Â\ˆkÙÃ[˝„V„` Â^     

ÂEıÁX V«c˜O◊ªRÙO Â\ˆkÙÃ[˝ βα, -AÃ[˝ LXÓ ÂVFÁX Â^ 

βαβα +≤+ , %ÁÃ[˝C ÂVFÁX Â^  

][2 2222 βαβαβα +=−++      2 + 2 + 2 

IR

IR
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◊[˝\ˆÁG — Gı 

Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 4 = 12 

11* ÂVFÁX Â^ 0
22
22
22

=
+
+
+

baabba
accaac
cbbccb

. 3 

12* 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

122
212
221

A  c˜„_ ÂVFÁX Â^ 3
2 54 IAA −−  AEı◊ªRÙO 

`…XÓ ]ÓÁ◊ÆœÙj c˜„[˝, Â^FÁ„X 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

100
010
001

3I * AÃ[˝ ÂU„Eı 

ÂVFÁX Â^ A AEı◊ªRÙO %◊[˝◊`rÙ (non-singular) ]ÓÁ◊ÆœÙj c˜„[˝*  

  2 + 1 

13* T : IR 3 → IR 3 AEı◊ªRÙO ÈÃ[˝◊FEı Ã[˝÷YÁ‹ôˆÃ[˝, ^FX
)1,2,1()0,0,1( =T , )2,2,2()0,1,1( =T , 

)0,4,2()2,1,1( =T , ),,( zyxT ◊XSÔÃ^ EıÃ[˝”X* 3 

14* zxyzyx 2222 +++  Ac˜O [˝Áÿôˆ[˝ ◊•HÁTˆ Ã[˝÷Y◊ªRÙOÃ[˝ Y“E ı◊Tˆ 

◊XSÔÃ^ EıÃ[˝”X* 3 

15* })2,1,1(),1,1,2(),1,2,1({1 LW =  

 })1,1,0(),0,1,1(),1,0,1({2 LW =  

 ÂVFÁX, 21 WW = . 3 

16* a, b, c ]…_V aeFÓÁ c˜„_ ÂVFÁX Â^,     

1111
777
222
333

2
2

2

c
b

a

◊XSÔÁÃ^Eı◊ªRÙOÃ[˝ ]ÁX EıFXc˜O `…XÓ c˜„[˝ XÁ* 3 

17* T : IR 3 → IR 2 A[˝e 

)2,(),,( zyxzyxzyxT −−++=  c˜„_  

 )(ker T ◊XSÔÃ^ EıÃ[˝”X* 3 

18* ii ba , , 3,2,1=i  %a]ÁX [˝Áÿôˆ[˝ aeFÓÁ A[˝e 

][ 321 aaaA =  ; 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

3

2

1

b
b
b

B  c˜„_ BA ]ÓÁ◊ÆœÙj◊ªRÙOÃ[˝ ]ÁyÁ 

◊XSÔÃ^ EıÃ[˝”X* 3 
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( English Version ) 
Group – A 

   Answer any two questions. 10 × 2 = 20 

1. a) nnijaA ×= )( is a square matrix of order n. 

Show that 1|det|)det( −= nAadjA , Nn ∈  

and 3≥n . 5 

 b) Show that 
222

222
222

2
2

2

cabab
abacc
bcabc

−
−

−
 is 

square of another determinant. Hence or 

otherwise show that its value is 

2333 )3( abccba −++ . 2 + 3  

2. a) Find the values of x, y, z when the matrix 

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

−
−=

zyx
zyx
zy

A
20

 is orthogonal matrix. 

Write down the matrix 1−A . 4 + 1 

 b) Reduce the matrix 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−
−−−
−−

=
7036
2313
4211
1132

B  to 

normal form and find its rank. 4 + 1 

3. a) Prove that a finite dimensional vector space 

has a basis. 5 

 b) Define Euclidean vector space. In a n (finite) 

dimensional Euclidean space if 

},...,,{ 21 naaa  is a set of orthogonal vectors 

then show that they are linearly 

independent. 2 + 3 

4. a) i) Let T : IR 3 → IR 2 be defined by 

),2(),,( yzxzzyxT = . Is T a linear 

transformation ? Give reason in favour 

of your answer. 

  ii) Let T1 : IR
2 → IR 3, be a linear 

transformation, where )1,3,2()0,1(1 =T , 

)2,0,3()1,1(1 =T . Find ),(1 yxT . 2 + 3 

 b) When a real quadratic form will be positive 

definite ? Reduce the quadratic form 

zxyzzyx 124186 222 −−++  to canonical 

form and determine whether it is positive 

definite. Find its rank.
 

1 + 3 + 1 

Group – B 

   Answer any three questions. 6 × 3 = 18 
5. State Cayley-Hamilton theorem related to matrix 

and prove it. 1 + 5  
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6. For what real values of 'a' and 'b' the equations 

1=++ zyx , bzyx =−+ 2 , 275 bazyx =++  

have (i) only one solution, (ii) infinite number of 

solutions, (iii) no solution ? Answer with proper 

reason. 2 + 2 + 2 

7. 
⎩
⎨
⎧ ∈⎟

⎠
⎞⎜

⎝
⎛= dcbadc

baV ,,,;   

 
⎩
⎨
⎧

=+
∈

⎟
⎠
⎞⎜

⎝
⎛= 0

,,,;2 ca
dcba

cb
baW  

 Show that W is a substance of vector space V. 
Find rank of W and write down a basis of W. 

  3 + 2 + 1 

8. Express 

0
0

0
0

xyz
xzy
yzx
zyx

 

 

 as product of four linear factors. If x, y, z are 
lengths of three sides of a triangle then show that 
the determinant cannot vanish. 5 + 1 

9. Find the eigenvalues and corresponding 

eigenvectors of 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−−

−

211
121
112

. Are the 

eigenvectors linearly independent ? Give reason 
to your answer. 6 

10. Define inner product of two vectors in a real 
vector space. In an Euclidean vector space, show 
that for any two vectors βα,    βαβα +≤+  

and ][2 2222 βαβαβα +=−++ .   

  2 + 2 + 2 
Group – C 

   Answer any four questions. 3 × 4 = 12 

11. Show that 0
22
22
22

=
+
+
+

baabba
accaac
cbbccb

. 3 

12. Let 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

122
212
221

A . Show that 3
2 54 IAA −−  is a 

null matrix, where 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

100
010
001

3I . From this, 

show that A is a non-singular matrix. 2 + 1 

13. Let T : IR 3 → IR 3 be a linear transformation, 
where )1,2,1()0,0,1( =T , )2,2,2()0,1,1( =T , 

)0,4,2()2,1,1( =T . Find ),,( zyxT . 3 

14. Find the nature of the quadratic form 

zxyzyx 2222 +++ . 3 

15. })2,1,1(),1,1,2(),1,2,1({1 LW =  

 })1,1,0(),0,1,1(),1,0,1({2 LW =  

 Show that 21 WW = . 3 

IR

IR
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16. If a, b, c are rational numbers, then show that 

the determinant 

1111
777
222
333

2
2

2

c
b

a

 can never be 

zero. 3 

17. Let T : IR 3 → IR 2 be given by 
)2,(),,( zyxzyxzyxT −−++= .  

 Find )(ker T . 3 

18. Let ii ba , , 3,2,1=i  be unequal real numbers 

and let ][ 321 aaaA =  and 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

3

2

1

b
b
b

B . Find the 

rank of the matrix BA. 3 

    
 


