
Maths for computer graphics

Computer graphics involves lots of maths

I 2D and 3D coordinates
I Matrix transformations
I Reflection and refraction
I Curved surfaces



Vector spaces

Laws

a + b = b + a
(a + b) + c = a + (b + c)

⁄(a + b) = ⁄a + ⁄b
(⁄µ)a = ⁄(µa)
a + 0 = a

’a÷b : a + b = 0

1a = a
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Subspaces

Line
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Plane
a = ⁄u + µv
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3D space
a = ⁄u + µv + ‹w



Linear dependence
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Two vectors are linearly
dependent if:

I –a + —b = 0

for some – and — not both zero.
More generally for n vectors:

I –a + —b + . . . + ‹n = 0



Dot product
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ÎwÎ = u · v

u · v = ÎuÎÎvÎ cos ◊

u · v = v · u
u · (⁄v + µw) = ⁄(u · v) + µ(u · w)



Coordinate systems

In an N dimensional vector space V , a set of N linearly
independent vectors forms a basis. For some vector u œ V :
u = –e1 + —e2 + . . . + ‹e
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Cross product

Îu ◊ vÎ = ÎuÎÎvÎ sin ◊
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Matrix algebra

A =

Q

cccca

a11 a12 . . . a1n

a21 . . . . . . a2n
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A(BC) = (AB)C
AB ”= BA

(A + B)C = AC + BC
AI = IA = A

(AB)T = BT AT

A≠1A = I
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