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Instancing
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In this case the  ray vector is not restricted to unit.
Note normal does not transform like this.
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Instancing – surface normal vectors 
(see Shirley section 6.2.2)

Points transformed by matrix M.  n - Normal    t – tangent.
If t tangent so is Mt but Mn is not necessarily normal anymore.
We derive a transform matrix N s.t. Nn remains normal.

Note that normal and tangent are 
perpendicular so: 
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Instancing – surface normal vectors 

To find N we require:
From (1):
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Matrix to transform
normal vector is:
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2D  example
3x3 matrix
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Instancing 
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Normal Scaled:
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Refraction

Snell’s Law
μsinθ = μ t sinΦ

Replace sin with cos (so we can
program using dot product)
Using:  sin2+cos2 = 1

cos2 Φ= 1- μ2 (1 - cos2 θ )/ μt
2
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Refraction

Make the vectors 3D
n and b form ortho-normal 2D basis
Transmitted vector t in terms of the basis:

t = b sinΦ – n cosΦ

Incident ray d is in same plane (basis)
d = b sin θ – n cos θ
Solve for b:                  b = (d+ n cos θ)/ sin θ
And this solve for t:     t = [(d+ n cos θ)/ sin θ] sinΦ – n cosΦ
But μsinθ = μt sinΦ

Yielding: 
t = (μ/μt )(d- n (d.n))– n  1- n2(1-(d.n)2)

(check this before using)
μt

2


