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Find the distance from the origin to the point 
with coordinates (6, 8, 24)

Find the distance from the origin to the point 
with coordinates (−6, 0, −2)
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The coordinates of 𝐴 and 𝐵 are (3,5, −2) and 3, 𝑘, −1 respectively. Given that the distance from 𝐴 to 𝐵 is 2 units, find the 
possible values of 𝑘.
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In 2D you were previously introduced to 𝒊 =
1
0 

and 𝒋 =
0
1

as unit vectors in each of the 𝑥 and 𝑦

directions.

It meant for example that 8
−2

could be written as 8𝒊 − 2𝒋 since 8 1
0 

− 2
0
1

=
8

−2

Unsurprisingly, in 3D:

𝒊 =
1
0
0

, 𝒋 =
0
1
0

, 𝒌 =
0
0
1
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Consider the points 𝐴(−1, −5, 2) and 𝐵(−7, 3, 0).
a) Find the position vectors of 𝐴 and 𝐵 in 𝑖𝑗𝑘 notation
b) Find the vector 𝐴𝐵 as a column vector.
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The vectors 𝒂 and 𝒃 are given by:

𝒂 =
3

−2
−5

and 𝒃 =
2
0

−4
a) Find:
i) 𝒂 + 3𝒃
ii) 4𝒂 − 5𝒃

b) State whether these vectors are parallel to −4𝒊 + 16𝒋



Angles between vectors and an axis
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𝑥

𝑦

𝑧

𝒂

𝜃௫

𝑥

How could you work out the angle 
between a vector and the 𝑥-axis?

Just form a right-angle triangle! 

The angle between 𝒂 =
𝑥
𝑦
𝑧

and the 𝑥-axis is:

cos 𝜃௫ =
𝑥

𝒂
and similarly for the 𝑦 and 𝑧 axes.
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Find the angles that the vector 
𝒂 = 𝒊 − 2𝒋 + 3𝒌

makes with each of the positive coordinate axes. Give your answers to 1 decimal place.
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The points 𝐴 and 𝐵 have position vectors 
𝒊 + 5𝒋 + 3𝒌 and −2𝒊 + 4𝒋 + 8𝒌 relative to a fixed origin, 𝑂. 
Show that Δ𝑂𝐴𝐵 is isosceles.
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𝒂 = 3𝒊 + 2𝒋 + 𝒌 and 𝒃 = 𝒊 + 3𝒋 + 5𝒌

By considering the angles that 𝒂 and 𝒃 make with the 𝑥-axis, determine the area of 𝑂𝐴𝐵 where 𝑂𝐴 = 𝒂 and 𝑂𝐵 = 𝒃.
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A triangle 𝑃𝑄𝑅 is such that 
𝑃𝑄 = −2𝒊 + 3𝒋 − 𝒌 and 𝑄𝑅 = 4𝒊 − 3𝒋 − 2𝒌
Find ∠𝑃𝑄𝑅 to 1 decimal place



12.3) Solving geometric problems
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𝐴, 𝐵, 𝐶 and 𝐷 are the points 3, −4, −9 , 1, −7, −3 , (1, 0, −15) and 7,9, −33 respectively.
a) Find 𝐴𝐵 and 𝐷𝐶, giving your answers in the 

form 𝑝𝒊 + 𝑞𝒋 + 𝑟𝒌.
b) Show that the lines 𝐴𝐵 and 𝐷𝐶 are parallel 

and that 𝐷𝐶 = 3𝐴𝐵.
c) Hence describe the quadrilateral 𝐴𝐵𝐶𝐷.
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𝑃, 𝑄 and 𝑅 are the points 9,3, −4 , (−5,5,5) and 0, 2, −8 respectively. 
Find the coordinates of the point 𝑆 so that 𝑃𝑄𝑅𝑆 forms a parallelogram.



Comparing Coefficients
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There are many contexts in maths where we can ‘compare coefficients’, e.g.

3𝑥ଶ + 5𝑥 ≡ 𝐴 𝑥ଶ + 1 + 𝐵𝑥 + 𝐶
Comparing 𝑥ଶ terms: 3 = 𝐴

We can do the same with vectors:

Given that 
3𝒊 + 𝑝 + 2 𝒋 + 120𝒌 = 𝑝𝒊 − 𝑞𝒋 + 4𝑝𝑞𝑟𝒌, 
find the values of 𝑝, 𝑞 and 𝑟.

Comparing 𝑖:    3 = 𝑝
Comparing 𝑗:    𝑝 + 2 = −𝑞    ∴ 𝑞 = −5
Comparing 𝑘:   120 = 4𝑝𝑞𝑟   ∴   𝑟 = −2
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The diagram shows a cuboid whose vertices are 𝑂, 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹 and 𝐺. 
Vectors 𝑎, 𝑏 and 𝑐 are the position vectors of the vertices 𝐴, 𝐵 and 𝐶 respectively. 
Prove that the diagonals 𝑂𝐸 and 𝐴𝐹 bisect each other.
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Out of displacement, speed, acceleration, force, mass and time, all 
but mass and time are vectors. Clearly these can act in 3D space.

Vector Scalar

Force

Acceleration

3
4

−1
 𝑁 3ଶ + 4ଶ + −1 ଶ

= 5.10 𝑁

1
0
1

 𝑚𝑠ିଶ 1.41 𝑚𝑠ିଶ

Displacement
12
3
4

 𝑚 13 𝑚 Distance

Velocity
0
4
3

 𝑚𝑠ିଵ 5 𝑚 Speed
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Convert these vectors to scalar form:

• A force of 
1

−3
4

 𝑁

• An acceleration of 
0
0
2

 𝑚𝑠ିଶ

• A displacement of 
−6
8

−24
 𝑚

• A velocity of 
8

−6
0

 𝑚𝑠ିଵ
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A particle of mass 0.25 kg is acted on by three forces.
𝐹ଵ = 𝒊 − 2𝒋 + 3𝒌  𝑁
𝐹ଶ = 2𝒊 − 4𝒌  𝑁
𝐹ଷ = −5𝒊 + 3𝒋 + 4𝒌  𝑁

a) Find the resultant force 𝑅 acting on the particle.
b) Find the acceleration of the particle, giving your answer in 

the form 𝑝𝒊 + 𝑞𝒋 + 𝑟𝒌 ms-2.
c) Find the magnitude of the acceleration.

Given that the particle starts at rest,
d) Find the distance travelled by the particle in the first 3 

seconds of its motion.
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 
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