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1 (a) Test the following system of homogeneous equations to determine whether it has non trivial
solutions,

2x1 + 5x2 = 0
−x1 + 3x2 − 2x3 = 0
3x1 + 13x2 − 2x3 = 0.

Determine all the solutions , if any exist.

(b) Express the following system of equations in matrix form

x1 + 2x2 + 3x3 = 1
2x1 + 5x2 + 3x3 = 0
x1 + 8x3 = 5.

Construct the augmented matrix for the system and use the ROW REDUCTION method
to obtain the solution.

[
Note: no marks will be given for a solution by any other method.

]
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2 A coastguard helicopter A observes a sailing boat as it approaches the finishing line of a race.
The finishing line is the line joining two points B and C situated on either side of a harbour.
If the position vectors of A, B and C are (−2, 1, 3), (20, 5, 0) and (25, 10, 0) respectively (in
appropriate units) with respect to cartesian coordinates Oxyz, where z is vertically upwards, find:

(a) the Cartesian equation of the plane containing A,B and C.

(b) the vector equation of the line passing through B and C.

The boat is observed to have position vector (10, 3, 0) and to be travelling parallel to the vector
(3, 1, 0). If it is assumed that the boat does not change direction find:

(c) the vector equation of the straight line path of the boat

(d) the position vector of the point where the boat crosses the finishing line.

3 Show that the eigenvalues of the matrix

A =

⎛
⎝

1 −1 4
3 2 −1
2 1 −1

⎞
⎠

are λ = 1,−2, 3.

Find the eigenvectors corresponding to λ = 1 and λ = −2.

4 (a) Determine whether the following system of non-homogeneous equations has either

a unique solution, no solution or an infinite number of solutions.

2x1 − 3x2 + 3x3 = 3

4x1 + 6x2 + 9x3 = −1

2x1 + x2 + 4x3 = 1.

[You do NOT need to find the solutions, if they exist.]

(b) A particle moves in space such that at time t its position vector r(t) is given by

r =
(
et + e−t

)
i+

(
et − e−t

)
j + t2k for t ≥ 0.

Determine the velocity v and acceleration a of the particle and show that

(i) r and v are orthogonal vectors at t = 0.

(ii) v and a are orthogonal vectors at t = 0.

(iii) v and r − a are orthogonal vectors at t = 0 and t =
√
2.
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