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ELECTIVE COURSE : MATHEMATICS 

MTE-02 : LINEAR ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 

(Weightage 70%) 

Note : Question no. 7 is compulsory. Attempt any 
four questions from Questions no. 1 to 6. Use of 
calculators is not allowed. 

1. (a) Show that the set of all 3 x 3 upper 
triangular matrices with entries from R is a 
vector space over R under usual addition 
and scalar multiplication of matrices. Find a 
basis of this vector space. 5 

(b) Let S and T be linear operators on V such 
that the range of T is contained in the kernel 
of S. Show that S oT = 0. Also show that 
rank (T) + rank (5) 5_ dim (V). 	 3 

(c) Find the minimal polynomial of the matrix 

1 0 0 

0 1 1 

0 0 1 

MTE-02 
	

1 
	

P.T.O. 



2. (a) Check if (1, 3, 0) lies in the range of a linear 

operator T on R3  given by 

T (xi , x2 , x3) = (x1 , x2  + x3, x1  – x2). 

Is T one-one and onto ? Give reasons. 	 3 

(b) Let W {(x, y, z) R 3  : x + y + z = 0}. Check 

if W is a subspace of R 3. Find a non-zero 

subspace U of R3 so that W fl U = (0). 	5 

(c) Let V be the real vector space of polynomials 

over R of degree at most 2 and W be the 

subspace of V generated by (1 + x 2 , 1 + 2x2 }. 

Find the kernel of the differential linear 

operator dx — on W. 

3. (a) Show that f(1, 1, 1), (1, – 1, 0), (1, 1, 0)1 is a 

basis of R3. Find a basis dual to this basis. 	5 

(b) Find the eigenvalues and eigenvectors for 
0 0 2 

the matrix 1 0 1 . Is this matrix 

0 1 –2 

diagonalisable ? 

4. (a) Let A be a 3 x 3 matrix A with eigenvalues 

1, –2, 2. Find the trace of A + A 2. Give 

reasons to justify your answer. 
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(b) Check whether the basis 

B = ((i, 0, 0), (0, 1 + i , 0), (i, — i , 1)) 

for C3  over C is an orthogonal basis. Apply 

Gram — Schmidt orthogonalisation process to 

B to obtain an orthonormal basis for C3  over 

C under the standard inner product on C 3 . 5 

1 	1 	2 

(c) Show that a 	1 	0 = 0 	for infinitely 

0 	1 	b 

many values of a and b. 2 

5. (a)  Using Cayley — Hamilton theorem, evaluate 
3 	2 

A7  if A = 5 
— 1 	0 

(b) Reduce the quadratic form 8x 2  — 4xy + 5y2  
to its normal canonical form. Also, find the 
principal axes. 5 

6. (a) Why is the matrix A = 

3 

1 

1 

1 

3 

1 

1 

1 

3 

orthogonally similar to a diagonal matrix 

Find an orthogonal matrix P so that Pt  A P 

is a diagonal matrix. 	 5 
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(b) Let W = {(x, y) E R2  12x + 3y = 01. Show 

that W is a subspace of R2. Find the 

dimension of W. Also show that the cosets of 

W are lines 2x + 3y + c = 0, where c e R. 5 

7. Which of the following statements are true and 

which are false ? Justify your answer either with 

a short proof or with a counter-example. 5x2=10 

(i) An n x n matrix always has n distinct 

eigenvalues. 

(ii) Union of two linearly independent sets is 

also a linearly independent set. 

(iii) If A is a unitary matrix then its entry cannot 

be 2. 

(iv) For a square matrix A, A 2  = I implies A = I 

or A = — I. 

(v) If T is linear operator on a finite dimensional 

vector space V with zero as an eigenvalue, 

then T is not invertible. 
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2. () 71q.  Arr-A-R -k R3  
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