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Linear Algebra (Vectors)

Combined Problem Set 3 Lectures 7–9

Assessed Problems

1. Determine the equation of the plane that is normal to the vector nnn = iii− jjj− 2kkk and passes
through the point (1,−2,3).

[2 marks]

2. Consider the three planes in R3 that are specified by the equations

−2x+ y+3z = 1, (1)

3x+ y− z = 7, (2)

x−3y−5z =−1. (3)

(a) The equation for the line of intersection of planes (1) and (2) can be written as

x−6
a

=−y−b
14

=
z− c

d
.

Determine the values of a, b, c, and d.
[2 marks]

(b) Write down the condition for three planes to intersect at a point and check this condition
for the planes (1), (2), and (3). Depending on your result, select an appropriate method
to find the solution(s) or to show that there are no solutions.

[2 marks]

3. The following two planes intersect in a line:

x+3y+ z = 8,

2x+ y+3z = 7.

(a) Determine the coordinates of the point where the line intersects the plane y = 0.
[1 mark]

(b) Find normal vectors nnn1 and nnn2 for the first and second planes, respectively.
[1 mark]

(c) Find a vector directed along the line of intersection.
[1 mark]

(d) Obtain an equation for the line of intersection in either vector or component form.
[1 mark]

Total: 10 marks

Mark Gill
MPH

Mark Gill
marksphysicshelp



2

Questions to attempt in your own time Lectures 7–9

1. Consider the two-dimensional space R2.

(a) Write down the parametric vector equation of a straight line through the two points
rrr1 = 3 iii+4 jjj and rrr2 = 8 iii−5 jjj. Show that the equation can be written as

x−3
5

=−y−4
9

.

(b) Write down the parametric vector equation of a straight line with a slope of 3 and an
intercept on the y-axis at y =−2.

(c) For the lines in (a) and (b), find

i. The direction cosines.
ii. The unit normal vectors.

iii. The angle between the two lines.
iv. The angle between the two normals.
v. The perpendicular distances from the origin.

2. Show that the following two equations represent the same line:

x+2
2

=
y+8

5
=

z+5
3

,
x−10

4
=

y−22
10

=
z−13

6
.

3. Determine the equation for the line of intersection of plane A given by 2x + y− 2z = 2
and plane B with x+ 2y− 2z = −1. Determine the minimum distance of a point P with
coordinates (−1,−1,1) from plane A. Then determine the distance of P from the line of
intersection.

4. Determine the value of α for which the planes given below do not intersect in a single point:

5x+2y−2z = 4,

αx−2y+4z = 8,

3x− y− z = 2.

5. The Lorentz force on a particle with charge q moving with velocity vvv in a magnetic field BBB
is given by FFF = qvvv×BBB. Explain why the speed |vvv| of the particle remains constant.
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Questions for tutorial Lectures 7–9

1. A particle of mass m with position vector rrr relative to origin O experiences a force FFF , pro-
ducing a torque τττ = rrr×FFF . The angular momentum of the particle around O is given by
LLL = rrr×mvvv, where vvv is the velocity of the particle. Show that the rate of change of angular
momentum dLLL/dt is equal to the applied torque.

2. Identify the following surfaces described for rrr ∈ R3.

(a) |rrr|= k.

(b) rrr ·uuu = `.

(c) rrr ·uuu = m|rrr|, for −1≤ m≤ 1.

(d) |rrr− (rrr ·uuu)uuu|= n.

Here, k, `, m, and n are fixed scalars, and uuu is a fixed unit vector in R3.

3. (a) A particle is travelling along the line

x−3
2

=
y+1
−2

= z−1.

Write the equation of its path in the form rrr = rrr0 +AAAt. Find the distance of closest
approach of the particle to the origin (that is, the distance from the origin to the line).

(b) Let t represent the time. By considering the time expected for AAA ·rrr (where rrr = rrrd0+AAAt)
to take at closets approach, show that the time at the closest approach is

t =−rrr0 ·AAA
|AAA|2

.

4. Find the tangent vector and the equation of the tangent to the helix

x = cosθ , y = sinθ , z = θ ,

with 0≤ θ < 2π , at the point where it cross the x-y plane.
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