
How to work out rotation matrices

You can choose from three different ways to work out rotation matrices. Before you start, a 
simple check is useful whichever way you choose.

The determinant of a rotation matrix is always 1, because if you rotate a shape you don't change 
its area. (If the determinant is -1, then it is a reflection).

It is not always true that a matrix with determinant 1 is a rotation matrix. (2 0
0 ½) has 

determinant 1, but is a scaling by factor 2 in the x-direction, factor ½ in the y-direction. However,
Edexcel exam papers never ask about matrices like that, so it's a good guess that any matrix with 
determinant 1 in an Edexcel exam paper is a rotation.

Way one

The formula book says the matrix for a rotation by θ anticlockwise is (cosθ −sin θ
sin θ cosθ ) . Look 

at your matrix: what value of θ makes it (cosθ −sin θ
sin θ cosθ ) ?

Example: (
1

√2
−1

√2
1

√2
1
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) Your calculator says cos−1 1

√2
=π /4 and sin−1 1

√2
=π /4 so this is 

a rotation by π/4 (45 degrees) anticlockwise.

Way two

Remember, there are lots of different ways of picturing complex numbers. You can picture the 
complex number r cis θ as an enlargement by r and a rotation by θ, and so also as the matrix

(r cos θ −r sin θ
r sin θ r cos θ ) . If r=1 it is (cosθ −sin θ

sin θ cosθ ) , just as in the formula book.

So you can find θ the same way as you find argument for complex numbers, by using Pol ( , ) on 
the first column of the matrix.

Example: (
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)  the matrix which pictures the complex number 
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+ i
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On your calculator Pol (1/√2, -1/√2) => (r=1, θ=-π/4) and so this is a rotation by -π/4 
anticlockwise (same as π/4 clockwise).

Another example: (√3
2

−1
2

1
2

√3
2

) . Pol (√3
2

,
1
2 )  => (r=1, θ=π/6), so this is a rotation by π/6 

anticlockwise. If it's just a rotation, you must always get r=1 from Pol( , ).



Way three

Draw a diagram of where the matrix takes (1
0) and (0

1) , as you do for other matrices.

(1
0) is taken to the position shown by the first column of the matrix, so (cos θ

sin θ ) , and (0
1)

is taken to the position shown by the second column, so (−sin θ
cos θ )

Here's the diagram for (
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)
In Edexcel FP1, all you get is rotations by
multiples of π/4 (45 degrees) - π/4, π/2, 3π/4,
π, 5π/4, 3π/2, and 7π/4 - so it's not hard to
work out the angle from the diagram.

We'll do some F1 IAL past papers, and in
those you're asked about rotations by π/3 (60
degrees) and π/6 (30 degrees), but that is not much harder.

It's good to learn at least two of these ways, and to use one as a check on the other in exams.

Useful things to remember

• Determinant of a rotation is always 1. (And determinant of a reflection is always negative. So 
you should never mix up a rotation and a reflection).

• The θ you get from using Pol( , ) or cos -1 and sin-1 is always an anticlockwise angle. By 
convention we always measure angles as positive anticlockwise, negative clockwise. (Why? 
Because most people are right-handed, and most right-handed people, if asked to draw a circle, 
automatically draw it anticlockwise. Yes, bearings are the opposite, and that's not helpful). So if 
you get -π/4 that means -π/4 anticlockwise, which is the same as positive π/4 clockwise.

• For Edexcel, you always have to write: rotation by π/4 anticlockwise (or whatever) around the 
origin. The rotations are always around the origin, but you'll lose a mark if you don't write those 
words: around the origin (or some equivalent, like around 0)

• CAST can help, at least to check. If the first column of the matrix is 

(minus
minus) C and S are both negative, so 3rd quadrant; if (plus

plus) both +ve, so 1st quadrant.

If (minus
plus ) C is -ve, S +ve, so 2nd quadrant; if ( plus

minus) C is +ve, S -ve, so 4th quadrant.


