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 : (i)     . 

  (ii)     . 

  (iii)      . 

                    

1. (a)  S    V   ,       [S]  S 
  V    . 7 

1. (b)  V = M2 ( )  W = 


















dc

ba
M2 ( ) | a + b + 2c + d = 0







 ,    

 W    V  .   7 

 

1. (a)  U  W   V   ,     U + W  V 
 ,  U + W = [U  W] . 7 

1. (b)            .  
   . 7 

 

2. (a)  U  W     V   ,      

  dim(U + W) = dim(U) + dim(W) – dim(U  W). 7 
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2. (b)  {(1, 0, 1, 0), (0, –1, 1, 0)}    4     .   

4   .  7 

 

2. (a)  B = {1, 2, … n} ,  [B] = V ,         

  : 7 

  (i) {1, 2, … n}     . 

  (ii)    V,    1, 2 …… n         . 

   = 11 + 22 + … + nn  

2. (b)  {(1, 2, 3), (–1, 0, 5), (–1, 4, 21), (0, 0, 7), (–7, –1, 6)}  3    

  3      . 7 

 

3. (a) -     . 7 

3. (b)   T : 3 → 2    

  T(1, 1, 0) = (1, 0), T(1, 0, 1) = (0, 1), T(0, 1, 1) = (1, –1) ,   

  (a, b, c)  3  T(a, b, c)    N(T) .  7 

 

3. (a) T : U → V    .    

  (i) T -       N(T) = {0U} 

  (ii)  [u1, u2, …, un] = U      (T) = [T(u1), T(u2), ..., T(un)].   7 

3. (b)   T : 3 → 3   T(x, y, z) = (x, x + y, x + y + z), (x, y, z)  3  

   T    .  7 
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4. (a)  Mm×n ( )  m × n    ,    ,     

Mm×n ( )   mn. . 7 

4. (b)  A = 

















101

271

231

     . 7 

 

4. (a) A = 










 
013

211
   .  B1 = {(1, 1), (–1, 1)}  B2 = {(1, 1, 1,),   

(1, –1, 1), (0, 0, 1)}   2  3  ,  A   B1  

B2     .  7 

4. (b)   T : M2 ( ) → P3( )   T 















dc

ba
= a + bx + cx2 + dx3  

 ,     T   . 7 

 

5.     ( ) 14 

 (1)        . 

 (2) (1, 1, 0)    [(1, 2, 1), (1, 1, –1), (4, 5, –2)]     . 

 (3) 3       W = {(x, y, z)  3 | z  0}  W  3 

    .  . 

 (4)       . 

 (5) 3  {(1, 0, 0), (1, 1, 1), (1, 2, 3)}       .  

  .  
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 (6) 2   {(0, 2), (2, 0), (2, 2)}     . 

 (7)  T : 3 → 3   -    T   . 

 (8)  T : 2 → 3       T      ?   

 .  

 (9)   T : M2(  → 3, T 















dc

ba
 = (a, b + c, c)     

 N(T) . 

 (10)  A = [aij]  n × n      aij = 3, i, j ,  A  .  

 (11)  A  5 × 4        A   4   

. 

 (12)  A = 







01

11
 M2( ) ,   n(A) . 

____________ 

  



DR-103 5 P.T.O. 

Seat No. :  _______________
  

DR-103 
December-2025 

B.Sc., Sem.-III 
MAT-201 : Mathematics 

(Linear Algebra-1)  
(New Course) 
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Instructions : (i) Notations and terminologies are standard. 

   (ii) All the questions are compulsory. 

   (iii) Each question carries equal marks. 

                    

1. (a) Let S be a non-empty subset of a vector space V, then prove that [S] is the 

smallest subspace of V containing S.  7 

1. (b) Let V = M2 ( ) and W = 


















dc

ba
M2 ( ) | a + b + 2c + d = 0







. Prove that W is 

a subspace of a vector space V.   7 

OR 

1. (a) If U and W are two subspaces of a vector space V, then prove that U + W is a 

subspace of V, and U + W = [U  W]. 7 

1. (b) Prove that intersection of two subspaces of a vector space is also a subspace but 

union is not. Justify.   7 

 

2. (a) Let U and W are two subspaces of a finite dimensional vector space V, then prove 

that dim(U + W) = dim(U) + dim(W) – dim(U  W). 7 
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2. (b) Let {(1, 0, 1, 0), (0, –1, 1, 0)} be a linearly independent subset of the vector space 

4. Extend it up to a basis of 4.  7 

OR 

2. (a) Let B = {1, 2, … n} span vector space V, then prove that the following two 

conditions are equivalent : 7 

  (i) {1, 2, … n} is a linearly independent set.  

  (ii) If   V, then the expression  = 11 + 22 + … + nn is unique.  

2. (b) Find basis and dimension of the subspace spanned by set 

  {(1, 2, 3), (–1, 0, 5), (–1, 4, 21), (0, 0, 7), (–7, –1, 6)} in 3.  7 

 

3. (a) State and prove Rank-Nullity Theorem.  7 

3. (b) Let T : 3 → 2 be a linear transformation defined by T(1, 1, 0) = (1, 0), 

  T(1, 0, 1) = (0, 1), T(0, 1, 1) = (1, –1). For (a, b, c)  3, obtain T(a, b, c) and find 

N(T).  7 

OR 

3. (a) Let T : U → V be a linear map. Prove that 

  (i) T is one-one if and only if N(T) = {0U} 

  (ii) If [u1, u2, …, un] = U, then  (T) = [T(u1), T(u2), ..., T(un)].   7 

3. (b) Find range and kernel of the linear map T : 3 → 3 defined as  

  T(x, y, z) = (x, x + y, x + y + z), (x, y, z)  3.  7 
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4. (a) Let Mm×n ( ) be the set of all m × n type of matrices. Prove that the dimension of 

a vector space Mm×n ( ) is mn.  7 

4. (b) Find the rank and nullity of the matrix A = 

















101

271

231

.  7 

OR 

4. (a) Let A = 










 
013

211
be a given matrix. B1 = {(1, 1), (–1, 1)} and  

  B2 = {(1, 1, 1,), (1, –1, 1), (0, 0, 1)} be bases of 2 and 3 respectively. Find the 

linear transformation associated to the matrix A with respect to ordered bases B1 

and B2.  7 

4. (b) Let T : M2 ( ) → P3( ) be a linear transformation defined by  

  T 















dc

ba
= a + bx + cx2 + dx3. Obtain Matrix of T with respect to standard 

bases of M2( ) and P3( ).   7 

 

5. Answer in brief : (Any Seven) 14 

 (1) State necessary and sufficient condition to be a subspace of a vector space.  

 (2) Check whether (1, 1, 0)  [(1, 2, 1), (1, 1, –1), (4, 5, –2)]. Justify. 

 (3) Let 3 be a real vector space and W = {(x, y, z)  3 | z  0}. Is W subspace of 

3 ? Give reason.  

 (4) Define basis and dimension of a vector space.  

 (5) Check whether the set {(1, 0, 0), (1, 1, 1), (1, 2, 3)} of 3 is linearly independent 

or not. Justify your answer.   
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 (6) Find the basis of a subspace of 2, spanned by the set of vectors  

  {(0, 2), (2, 0), (2, 2)}.  

 (7) Let T : 3 → 3 be a one-one linear map, then what is range of T ?  

 (8) Let T : 2 → 3 be a linear transformation. Can T be an onto ? Justify.  

 (9) Let T : M2( ) → 3 be a linear transformation defined as  

  T 















dc

ba
 = (a, b + c, c), then find N(T).  

 (10) Let matrix A = [aij] be an n × n matrix such that aij = 3, i and j, then  

  find nullity of A.  

 (11) If A is non-zero 5 × 4 matrix, then show that row vectors of A are linearly 

dependent in 4.  

 (12) In M2( ), if A = 







01

11
, then find n(A).  

____________ 
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 : (i)         . 
  (ii)      /    . 
 

1. (a)     x = a      (a) = b  .   
(a,b),y)(

lim
x

 f (x, y) 

= l, l  ,       , 
a

lim
 x

f(x, (x))    

  l   .  7 

1. (b)  f (x, y) = 
x2y

 x2y2 + (x – y)2   (0, 0)    .  7 

 
1. (a)  f (x, y)  g (x, y)     D1  D2   . 

  , 
(a,b),y)(

lim
x

 f (x, y) = l1  
(a,b),y)(

lim
x

 g(x, y) = l2,  l1, l2  

(a,b),y)(
lim
x

 (f. g) (x, y) = l1 l2. 7 

1. (b)   ,  f (x, y)  (0, 0)   ,   

  f (x, y) = 















0)(0,y),(0,

0)(0,y),(,
y

y
22

33

x

x
x

x

  7 

 

2. (a)  z = f (x, y)    E  2     .  f x  f y 

   E    ,     
  (i)  f , E   .  

  (ii) z = ρδy
y

z
δ

z










x

x
   → 0   = x2 + y2 → 0 .  7 
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2. (b)  f (x, y) = 













0)(0,y),(0,

0)(0,y),(,
y

y

22

2

x

x
x

x
    f (0, 0)     

.   7 

                                       

2. (a)      .  7 

2. (b)  u = tan–1 
x + y
x – y,  0








y

u
y

x

u
x   . 7 

 

3. (a)  u =  (H), m    H = f (x, y)        

     ,  . 7 

  (i) 0(u)FG(u),
(u)F

F(u)
m

y

u
y

x

u
x 











. 

  (ii) )(u)G(G(u)
y

u
y

yx

u
xy

x

u
x 12

2

2
2

2

2

2
2 













 

    H = f (x, y) = F(u) = –1 (u). 

3. (b)         24      . 7 

 

3. (a)   E  2    f    (a, b)  E     

        . 7 

3. (b) f (x, y) = 
x2 – y2

x2 + y2 , (x, y)  (0, 0)    .  7 
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4. (a)  f (x, y) = 0            

.  7 

4. (b)  f (x, y) = 
y2

x3   (x – 1)  (y + 2)    .  7 

                                            

4. (a)  y = f (x)    . 7 

4. (b)  (y – 2)2 = x (x – 1)    .  7 

 

5.     14 

 (1) 
)2,1(,y)(

lim
x

 
xy + 2
x2 + y2  . 

 (2)  (a, b)    . 

 (3)  , 
)0,0(,y)(

lim
x

 
xy2

x2 + y4   . 

 (4)   f (x, y) = x log y + y log x,  
2 f
x2  . 

 (5)            . 

 (6) a        eax + eay   ? 

 (7)   f (x, y) = 
x + y
x + y

   . 

 (8)   z = xy   (Saddle Point) .  
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 (9)   f (x, y) = log (xy), x, y  + ,  fxy  fyx      . 

 (10)     

 (11)   . 

 (12)  x2 + y2 = a2   . 

____________ 
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Instructions : (i) All questions are compulsory and carry equal marks. 

   (ii) Figures to the right indicate marks of the questions. 
 

1. (a) Let the function  is continuous at x = a and (a) = b. If 
(a,b),y)(

lim
x

 f (x, y) exists 

and is equal to l  , then prove that 
a

lim
 x

f(x, (x)) also exists and equal to l.  7 

1. (b) Find iterated limits of the function f (x, y) = 
x2 y

 x2y2 + (x – y)2 at a point (0, 0).  7 

OR 

1. (a) Let f (x, y) and g (x, y) be functions of two variables defined on domains D1 and 

D2 respectively. Then prove that if 
(a,b),y)(

lim
x

 f (x, y) = l1 and 
(a,b),y)(

lim
x

 g(x, y) = l2, 

where l1, l2  , then 
(a,b),y)(

lim
x

 (f. g) (x, y) = l1 l2. 7 

1. (b) Show that the function f (x, y) is continuous at the origin, where  

  f (x, y) = 













)0,0(y),(,0

)0,0(y),(,
y

y
22

33

x

x
x

x
  7 

 

2. (a) If z = f (x, y) is a real function defined on non-empty open set E  2 . If f x and               

f y exist and continuous on E, then prove that  

  (i) The function f is differentiable on E.  

  (ii) z = ρδy
y

z
δ

z










x

x
 where  → 0 as  = x2 + y2 → 0. 7 
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2. (b) If f (x, y) = 













)0,0(y),(,0

)0,0(y),(,
y

y
22

2

x

x
x

x
,  

  then prove that f is continuous  and differentiable at (0, 0).  7 

OR 

2. (a) State and prove Schwartz’s theorem.  7 

2. (b) If u = tan–1 
x + y
x – y , then prove that 0








y

u
y

x

u
x .  7 

 

3. (a) If u =  (H) is a function of a homogeneous function H = f (x, y) of degree m 

whose partial derivatives of second order exist, then prove that  7 

  (i) 0(u)FG(u),
(u)F

F(u)
m

y

u
y

x

u
x 











. 

  (ii) ),12
2

2
2

2

2

2
2 













(u)G(G(u)

y

u
y

yx

u
xy

x

u
x  

  where H = f (x, y) = F(u) = –1 (u). 

3. (b) Find three positive integers whose sum is 24 and their product is maximum.   7 

OR 

3. (a) State and prove necessary condition for the function f defined on an open set                     

E  2 to have extreme values at a point (a, b)  E. 7 

3. (b) Verify Euler’s theorem for f (x, y) = 
x2 – y2

x2 + y2 , (x, y)  (0, 0).  7 
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4. (a) State and prove necessary condition for the existence of a double point on the 

curve f (x, y) = 0.  7 

4. (b) Expand f (x, y) = 
y2

x3 upto second degree in powers of (x – 1) and (y + 2).  7 

OR 

4. (a) Derive the formula to find radius of curvature of a curve y = f (x). 7 

4. (b) Determine the nature of the double point of the curve (y – 2)2 = x (x – 1).  7 

 

5. Attempt Any Seven. 14 

 (1) Find : 
)2,1(,y)(

lim
x

 
xy + 2
x2 + y2  . 

 (2) Define : Rectangular neighbourhood of a point (a, b). 

 (3) Show that  
)0,0(,y)(

lim
x

 
xy2

x2 + y4 does not exist. 

 (4) If f (x, y) = x log y + y log x, then obtain 
2 f
x2  . 

 (5) Give one example of a function of two variables which is continuous but not 

differentiable.   

 (6) For what value(s) of a   is the function eax + eay harmonic ?   

 (7) Find the degree of the homogeneous function f (x, y) = 
x + y
x + y

  . 

 (8) Find saddle point for the function z = xy. 
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 (9) If f (x, y) = log (xy), x, y  +, then verify whether fxy and fyx are equal.  

 (10) Define : curvature. 

 (11) State Maclaurin’s theorem. 

 (12) Find the radius of curvature of the curve x2 + y2 = a2. 

____________ 

 


