	Introduction


	A vector is a mathematical tool used to describe movement around a coordinate grid. At GCSE it is used to describe translations, and movement around various shapes.

In 2-D a vector has two parts, x and y, (x = distance moved parallel to the x-axis, y = distance moved parallel to the y-axis). 

This vector can be written in two ways:
1. [image: image1.png]



2. xi + yj , where i = [image: image2.png]


, and j = [image: image3.png]



Note: Vectors are usually written in bold, but as that’s a bit tricky to demonstrate in an examination. An alternative method is to underline the vector, which is how I will now write the vectors in our examples.

In 3-D the extra dimension is called the z-axis, and hence a 3-D vector is written as:

[image: image4.png]


= xi + yj +zk , where i = [image: image5.png]


, j = [image: image6.png]


, and k = [image: image7.png]



 

Magnitude and Direction of a vector

The magnitude of a vector
The magnitude of a vector is its length, and can be found using Pythagoras’ Theorem. 

Example:

If [image: image8.png]


= [image: image9.png]


, then a diagram of the vector would look like:

[image: image10.wmf]
Now you can see that the magnitude of [image: image11.png]


can be calculated using Pythagoras’ Theorem:
[image: image12.png]JA (9T =a25=5





In 3-D the result is the same.

Example:

If [image: image13.png]


then [image: image14.png]Bl=+37+7 +27 = 62




 

The Direction of a vector
The Direction of a vector, [image: image15.png]


, is the angle it makes with the positive x-axis (when measuring anti-clockwise). This is only calculated in two dimensions. 
Example:
Taking the 2D example used above, [image: image16.png]


= [image: image17.png]



The angle to be calculated is shown below:

[image: image18.wmf]
The angle, can be calculated using the ‘tan function’, therefore

[image: image19.png]


= 360 – angle A

[image: image20.png]E:3607tm"[§]:3607369:323 1



(to 1dp)

The Magnitude and Direction enable us to write position vectors in cartesian form.

If we know that the magnitude of vector OA is 5 and the direction is 323.1o then the coordinates of A are:

A = (5cos323.1, 5sin323.1) = (4, -3) as expected.

In general, if the magnitude of a vector is r and the direction is [image: image21.png]


then the coordinates of the point are (r cos[image: image22.png]


, r sin[image: image23.png]


). 

 

Adding vectors

Vectors can be added to represent a series of stages in a journey. The vector that represents the whole journey is called the resultant vector and is found by simply adding the x-components, then the y-components and then the z-components as follows.

[image: image24.png]


, [image: image25.png]




 INCLUDEPICTURE "http://www.s-cool.co.uk/a-/mat-/Vectors-/a-mat-Vectors-_files/image049.gif" \* MERGEFORMATINET [image: image26.png]


, [image: image27.png]




 INCLUDEPICTURE "http://www.s-cool.co.uk/a-/mat-/Vectors-/a-mat-Vectors-_files/image053.gif" \* MERGEFORMATINET [image: image28.png]



This means that a + b + c = [image: image29.png]


+[image: image30.png]


+[image: image31.png]


 = [image: image32.png]



And 2a – 3b + c = 2[image: image33.png]


-3[image: image34.png]


+[image: image35.png]


 = [image: image36.png]



 

Parallel Vectors

Parallel lines run in the same direction, so parallel vectors are simply multiples of each other.


Example:

[image: image37.png]


are parallel, as they can all be written as a multiple of [image: image38.png]



Notice that the last of these vectors goes in the opposite direction, but is nevertheless parallel to the other two.

 

Scalar Product

In order to find the angle between two vectors we use a method called the scalar product. The scalar product (or dot product) is a bit like the ‘multiple’ of two vectors and works as follows.

The scalar product of [image: image39.png]


and [image: image40.png]


is:

[image: image41.png]


.[image: image42.png]


 = [image: image43.png]3% 2+ (-2 x3+6x(-5)



= 6 – 6 – 30 = -30.

Just multiply the x-values, then the y-values, then the z-values, and add them together. 
This resulting value can then be used to find the angle between the two vectors using the formula:

[image: image44.png]



where [image: image45.png]


= magnitude of a, [image: image46.png]


= magnitude of b, and q = angle between the vectors 

This rearranges to give:
[image: image47.png]



[image: image48.wmf]

Example:

The angle between the vectors [image: image49.png]


and [image: image50.png]


is:

cos [image: image51.png]


= [image: image52.png]30

Jird+36-/4+0+25



= [image: image53.png]


- 0.695

Therefore: [image: image54.png]


= 46.0o (to 1dp)

 

Perpendicular Vectors

One of the main benefits of the scalar product is that it helps us identify perpendicular vectors, which is essential for working with planes. 

If two vectors are perpendicular then the angle between them is 90o.

As cos 90o = 0, the scalar product will be zero if the vectors are perpendicular. 


Example:
a = [image: image55.png]


, b = [image: image56.png]


. If a and b are perpendicular, find z. 

a.b = 4 + 6 +5z = 0

Therefore: 5z + 10 = 0

Therefore: z = -2

This concept is very important so make sure you understand it fully.
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