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Let us introduce the notation ~e1 and ~e2 for the Cartesian unit vectors in the plane and ~f1, ~f2 and ~f3
for the Cartesian unit vectors in the 3D space.

1. Find the vector ~v = (v1, v2, v3)′ with the given initial point P (2, 0,−1) and terminal point Q(3, 3, 1)
and calculate its the length.

2. A body is acted on by forces ~F1 = 4~f1 − 2~f2 and ~F2 = ~f1 − 3~f3. Calculate:

(a) The total force ~F acting on the body.

(b) The strength of this force.

(c) The angle between ~F and the x-axis.

3. Write the vectors (3, 5)′ and (1, 0)′ as linear combinations of the basis vectors {(1, 1)′, (1,−1)′}.

4. (*) Determine the angle between ~a = (3,−4,−1)′ and ~b = (0, 5, 2)′.

5. For a = (1, 3,−2)′ and b = (0, 3, 1)′:

(a) Calculate ~a×~b and ~b× ~a.

(b) Show that ~a×~b is orthogonal to ~a and ~b.

6. Prove that ~v × ~w is always perpendicular to ~w, where ~v, ~w are three-dimensional vectors.

7. (*) Let ~a = (4, 2,−1)′ and ~b = (0,−1, 0)′.

(a) Determine the projection of ~a onto ~b, that is ~a‖. Compute also the component of ~a which is

normal to ~b, that is ~a⊥.

(b) Determine the projection of ~b onto ~a and the component of ~b which is normal to ~a.

8. A charge moving with velocity ~v in the presence of an electric field ~E and a magnetic field ~B
experiences a total force ~F = q ~E + q~v × ~B, called the Lorenz force.

Calculate the force acting on a charge q = 3C moving with velocity ~v = (2, 3, 1)′ ms−1 in the

presence of the electric field ~E = 2~f1 V m−1 and magnetic field ~B = 3~f2 V sm−2. Check that the
units of the right hand side and the left hand side of the equation agree.


