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Law of Reflection

Matrix formalism is used to model reflection from plane mirrors.
Start with the vector law of reflection:

The hats indicate unit vectors
K, = incident ray

k, = reflected ray

n = surface normal
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For a plane mirror with its normal vector n with (x,y,z) components (n,,n,,n,)
Using the standard vector representation with unit vectors,
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The matrix representation of this vector is




The vector law of reflection can be written in matrix form as
k, = M k;

Where the mirror matrix M Is calculated to be
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Resulting mirror matrix:
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Multiple reflections

k, final reflected ray

k, incident ray

ko= Mk,
k3 = Myk, = My(M4k;)
K4 = Mgky = M3(My(M4k;)) k,=M;M, Mk,

ky =Mk,
So the effect of any set of
mirrors can be reduced to a M off M 3-M 2-M 1

single 3x3 matrix.



The mirror matrix shows the reflected coordinates, not just the
Incident ray. Initial coordinates (i,},k) get reflected to a new set (iI’,}’,k’)
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Parity

*The parity of this one mirror is of course odd (—1). The image of a right
handed coordinate system will appear to be left handed in the reflection.

*This means that clockwise rotation about any basis vector will appear
counter-clockwise in the image.

In general, the determinant of the mirror matrix gives the parity of the
system.

*An even number of reflections will cause the image to be right-handed,
or to have parity = det(M) = 1

*A system with an odd number of reflections will cause the image to be
left-handed, or to have parity = det(M) = -1



Mirror rotation

M. =R-M R

(M is initial
mirror matrix)

where M, is the new matrix and R is the rotation matrix given below:

X rotation:

y rotation:

Z rotation:
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Transpose operation, swap rows with columns:
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Mirror rotation

For the simple case of the mirror starting with its normal in the z direction, rotation o
about the x axis gives

M =R (o) M, R ()T
We can show that,

M, = R (2a) M,

Likewise the effect of y—rotation is

M, = R (2B) M,

The effect of z—rotation is NOT the same. You can use trig identities to show that

M, =R,(y) M, R, (y) = M,



Some common types of mirrors

1 0 0] ‘
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0 0 1] k
(-1 0 0 P
- : o insensitive to x rotation
xmirror: | 010 N 20 for y and z rotations
0O 0 1
00 Insensitive to y rotation
: _ | itive to y |
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90° x roof:

90° vy roof:

90° z roof:

45° X roof:

cube corner:

D=,

1nsensitive to x rotation
20 for y and z rotations

insensitive to y rotation
20 for x and z rotations

1nsensitive to z rotation
20 for x and y rotations

90° deviation
Insensitive to X rotation
0 for y and z rotations

retro-reflects
msensitive to all rotations
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