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BACHELOR'S DEGREE PROGRAMME 

Term-End Examination 

December, 2011 

ELECTIVE COURSE : MATHEMATICS 

MTE-2 : LINEAR ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 
(VVeightage 70%) 

Note : Q. No. 7 is compulsory. Attempt any four questions 
from Q. No. 1 to 6. calculators are not allowed. 

1. 	(a) Show that the set of positive real numbers 	3 
Reis a vector space over the field of real 
numbers IR with 'addition of two vectors 
defined as multiplication of real numbers 
and 'scalar multiplication' 'defined as 
CI.V 	a€JR, VEIR+ . 

(b) Let WI  and W2  be subspaces of a vector 	3 
C:) 	space V. Prove that W1  U W2  is a subspace 

ED 	of V if and only if Wi  C W2  or W2  C Wi . 

(c) Let V be the vector space of polynomials 	4 
with real coefficients and of degree atmost 
2. If D is differential operator on V and 
B= + x, x+ x2, x2} is an ordered basis of 
V, find [DI B. 
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2. 	(a) Let P3 be the space of polynomials of degree 	6 
at most three. Let 4 : P3  ---> IR be a map 
defined by 

4:1 (ao  + ai x + a2x2  + a3x3) = ao  + ai  + a2  + a3 . 

(i) Check that 43. is a linear map. 

(ii) Is (1) onto ? Justify your answer. 

(iii) Find a basis for the kernel of 14). 

	

(b) Verify cayley — Hamilton theorem for the 	4 

2 1 1 
matrix A= 1 2 1 . 

1 1 3 

Also find A -1, if it exists. 

	

3. 	(a) Let {V1, 	Vm} be a linearly independent 	4 

set of vectors in a vector space V and let the 
vectors {w1 , 	wn} span V. Prove that 

(b) Consider the basis e1 = (1, 1, 0), 	4 
e2  = (0, 1, 1), e3  = (0, 0, 1) of the vector space 
D3  over D. Find the dual basis of {e 1, e2, e3}. 

(c) Let V be the set of all ordered pairs of real 	2 
numbers. For x = (x1, x2), y = y2), define 
x + y = (x1  + yi , x2  + y2) and for any a€IR, 
ax = (ax1 , 0). Check whether V is a vector 
space over IR under the addition and scalar 
multiplication defined above ? 
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4. (a) Check whether the matrix A= 

2 
1 
1 

2 
3 
2 

1 - 
 I 

2 
is 6 

diagonalisable. 
If yes, find an invertible matrix P such that 
P -1AP is a diagonal matrix. Otherwise, 
find the minimal polynomial of A. 

(b) Find two mutually orthogenal vectors of 1R 3, 
each of which is orthogenal to (1, 2, -1), 1 --r, 
with respect to the standard inner product 
of 1R3. 
Hence find an orthonormal bases of 1R 3 . 

4 

5. 	(a) Let 
A= 3 

    

Check whether A is : 

(i) 	Hermitian. 	(ii) Unitary. 

(b) Find the adjoint of the matrix 	5 

1 
0 

-2 

2 
2 
0 

0 

3 
and hence find its inverse. 
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(c) Find the equation of the plane perpendicular 	2 
to i+j+k and passing through point 
(1,2,3). 

6. 	(a) Consider the quadratic form 	 6 

Q : 2x2  — 4xy + y2  + 4xz + 3z2  

(i) Determine a symmetric matrix A 
satisfying Q= XtAX. 

(ii) Find the orthogenal canonical 
reduction of the quadratic form. 

(iii) Also find the principal axes of the 
given form. 

(b) Let T : 1R2 m2  be defined by : 	 2 
T(x, y) = (2x —y, n+ y). 

Let B1 = {(1, 0), (0, 1)} 

m2 .  B2  = {(1, -1), (1, 0)}, be two bases of 

Find Bc11B1  . 

(c) Let W= {(x, y, z)E1R3  x +2y= z}. 	 2 
Verify that W is a subspace of IR3. 

7. 	Which of the following statements are true and 10 
which are false ? Justify your answer either with 
a short proof or by a counter example. 
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If Wi  and W2  are subspaces of IR3  such that 

dim. W1= dim W2  = 2, then Wi n W2 * {0}. 

If S and T are linear operators on a limits 
dimensional vector space, then : 
rank (S + T) = rank (S) + rank (T). 

If A is a square matrix such that A 2  = A, 
then 0 and 1 are the eigen values of Ao. 

There is no hermitian operator with minimal 
polynomial x2  +1. 
Any subset of a set of linearly dependent 
vectors is also linearly dependent. 
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2. (a) 'RR QUIR P3  3-TNT 3Trw.  3 sfra* 7T4'f 	6 

.4. 7TrirtZ tl 	(.;1 ■3111) : P3  —>IR, 

cl) (ao  + aix + a2x2  + a3x3)= ao  + a 1  + a2  

	

trftinfEru 	t 

(i) (I) .cr- Afg(W 	 1 

(ii) rr (13.3 	t ? 31-crk 37R T1 -fruz Wq- 

(iii) .4) 	3Trisa f ai-rw quo '4'R7 I 

(b) 	 3iw7 A *   4 

2 1 1 
1 2 1 *iNircia c 	1 : A= 
1 1 3 

~Ifk A 1 .*T 31ft 	t 
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6 
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