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Group A
Linear Algebra 1

Unless mentioned all the symbols have their usual significance.
Answer all the questions, maximum one can score 30.

1. Find all solutions to the following system:

2x+ 5y − 6z − 3w = 7

2x− 5y + 6z − 3w = −3

[6]

2. Let V = {(x1, x2, x3, x4) ∈ R4 : x1 − 5x2 + 7x3 − 4x4 = 0}.

(a) Show that S = {(−1, 4, 3, 0)} is a linearly independent subset of V . [1]

(b) Extend S to a basis of V . [5]



3. Find the rank of the matrix:


1 0 1 1
1 1 −1 2
2 0 1 0
0 −1 1 −3

. [4]

4. Are the vectors a1 = (1, 1, 2, 4), a2 = (2,−1,−5, 2), a3 = (1,−1,−4, 0) and a4 = (2, 1, 1, 6)
linearly independent in R4? Find a basis for the subspace of R4 spanned by a1, a2, a3 and a4.

[4+1]

5. (a) Prove that the only subspaces of R are R and the zero subspace. [2]

(b) Prove that a subspace of R2 is R2 or the zero subspace or consists of all scalar multiples
of some fixed vector in R2. [5]

6. Let V be the vector space of all n × n matrices over the field F , and let B be a fixed n × n
matrix. If T (A) = AB −BA; check whether T is a linear transformation from V into V . [3]

7. Let V be a n-dimensional vector space over the field F and let T be a linear transformation
from V into V such that the range and null-space of T are identical. Prove that n is even. [2]

8. Find two linear operators T and U on R2 such that TU = 0 but UT ̸= 0. [3]

Group B
Applications of Differential Calculus

Answer any four questions from question no. 9−14. [4 x 5]

9. Show that the point of intersection of the curve 2y3 – 2x2y – 4xy2 + 4x3– 14xy + 6y2 + 4x2

+ 6y + 1 = 0 and its asymptotes lie on the line 8x + 2y + 1 = 0.

10. Find the envelope of the family of circles whose centres lie on the ellipse x2

a2
+ y2

b2
= 1 and

which pass through its centre.

11. Show that the evolute of the cycloid x = a(θ − sin θ), y = a(1– cos θ) is an another cycloid.

12. Find the intervals in which the curve y = ex(cosx+ sin x) is concave upwards or downwards,
x ∈ (0, 2π).

13. Find the pedal equation of the astroid x = a cos3 θ, y = a sin3 θ with respect to origin.

14. Find the position and nature of the double points of the curve y(y–6) = x2(x–2)3–9. Find
also the equation of the tangent at the double point if the tangent is real.
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