
Vectors

3 Equation of a straight line.

1.

𝒓 =
(

𝑎

𝑏
𝑐)

 + 𝜆

(

𝑑

𝑒
𝑓)



2.

𝑥 − 𝑎
𝑑

= 𝑦 − 𝑏
𝑒

= 𝑧 − 𝑐
𝑓

 (= 𝜆)

3.

{

𝑥 = 𝑎 + 𝑑𝜆

𝑦 = 𝑏 + 𝑒𝜆
𝑧 = 𝑐 + 𝑓𝜆

Plane & Cross product

A plane Π can be define be defined by a point on the plane 𝑀(𝑥0, 𝑦0, 𝑧0) and a 

normal vector 𝑛̂ = (
𝑎
𝑏
𝑐
)

𝑛̂

Π
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The plane can be expressed in cartesian form as

𝑎(𝑥 − 𝑥0) + 𝑏(𝑦 − 𝑦0) + 𝑐(𝑧 − 𝑧0) = 0

consider 𝑑 = −𝑎𝑥0 − 𝑏𝑦0 − 𝑐𝑧0 we can derive the standard equation of the 

plane.

𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 = 𝑑

Note: Hereby we can infer that the normal vector to the plane is 𝑛̂ = (
𝑎
𝑏
𝑐
)

Calculate cross product

Cross product definition: |𝒂 × 𝒃| = |𝒂||𝒃| sin 𝜃

calculate cross product: consider 𝒂 = (
𝑎
𝑏
𝑐
), 𝒃 = (

𝑑
𝑒
𝑓
),then.

𝑛̂ = 𝒂 × 𝒃 =
|

𝒊
𝑎
𝑑

𝒋
𝑏
𝑒

𝒌
𝑐
𝑓|



The result 𝑛̂ is prependicular to any vector on the plane.

Use three noncollinear points to describe a plane.

If there are three noncollinear points 𝑀0 = (
𝑥1
𝑦1
𝑧1

), 𝑀1 = (
𝑥2
𝑦2
𝑧2

), 𝑀2 = (
𝑥3
𝑦3
𝑧3

)

Then they can represent a plane Π which its cartesian form is.

|

 𝑥 − 𝑥1
𝑥2 − 𝑥1
𝑥3 − 𝑥1

𝑦 − 𝑦1
𝑦2 − 𝑦1
𝑦3 − 𝑦1

𝑧 − 𝑧1
𝑧2 − 𝑧1
𝑧3 − 𝑧1|



= 0

Alternatively, given two noncollinear vectors 𝑎 = (
𝑎1
𝑎2
𝑎3

), 𝑏̂ = (
𝑏1
𝑏2
𝑏3

) and a 

point 𝑃 = (
𝑥1
𝑦1
𝑧1

), the plane Π can be expressed as
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|

𝑥 − 𝑥1

𝑎1
𝑏1

𝑦 − 𝑦1
𝑎2
𝑏2

𝑧 − 𝑧1
𝑎3
𝑏3 |



= 0

Transform Cartesian form to other 2 forms of plane

1. Scalar form (𝑟̂ ⋅ 𝑛̂ = 𝑎 ⋅ 𝑛̂)

for 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝑑, 𝑛̂ = (
𝐴
𝐵
𝐶
)

The RHS equals to 𝑑

therefore 𝑟̂ ⋅ 𝑛̂ = 𝑑

2. Vector form. (𝑟̂ = 𝑎 + 𝜆𝑏̂ + 𝜇𝑐 )

for 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝑑, randomly choose 3 points 𝐴, 𝐵, 𝐶 on the plane, for 

example 𝑥 = 𝑦 = 0, 𝑦 = 𝑧 = 0, 𝑥 = 𝑧 = 0.

Then the equation can be formed by

𝑟̂ = OA + 𝜆 AB + 𝜇 AC

Calculate distance

1. The distance of a point 𝑃(𝑥0, 𝑦0, 𝑧0) from a plane Π : 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝑑 

can be calculated using.

|𝐴𝑥0 + 𝐵𝑦0 + 𝐶𝑧0 − 𝑑|√
𝐴2 + 𝐵2 + 𝐶2

2. let a straight line be 𝑟̂ = 𝑎 + 𝜆𝑏̂. let OA = 𝑎, the distance of a point 

𝑃(𝑥0, 𝑦0, 𝑧0) can be calculated using

| AP × 𝑏̂|

|𝑏̂|

3. Consider 𝑟̂1 = 𝑎1 + 𝜆𝑏̂1 and 𝑟̂2 = 𝑎2 + 𝜇𝑏̂2, their distance were given by

| 𝑏̂1 × 𝑏̂2

|𝑏̂1 × 𝑏̂2|
⋅ (𝑎1 − 𝑎2)|

Visit https://synthesizer.moe for collections of CAIE further math notes

Last modified: 2026-01-12

https://synthesizer.moe

	Vectors
	Plane & Cross product
	Calculate cross product
	Use three noncollinear points to describe a plane.
	Transform Cartesian form to other 2 forms of plane

	Calculate distance


