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Translation
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v′i = vi + t
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Scaling

v′0 v′1

v′2v′3

v0 v1

v2v3

v′i = S · vi

S =

sx 0 0
0 sy 0
0 0 sz


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Rotation

v0 v1

v2v3

v′ 0

v′ 1

v′ 2

v′ 3

v′i = Rk · vi

Rx =

1 0 0
0 cosα − sinα
0 sinα cosα



Ry =

 cosα 0 sinα
0 1 0

− sinα 0 cosα



Rz =

cosα − sinα 0
sinα cosα 0
0 0 1



Prof. Dr. Tom Vierjahn Summer 2025 – CG (L): Transformations — Caution! May contain traces of linear algebra! — LMOU — V 12.05.2025, 12:53 — Page 4 3 / 12



Vector

v =

vxvy
vz

= vx · ex + vy · ey + vz · ez
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Translation

revisited

v0 v1

v2

v3

v′0 v′1

v′2v′3

t t

t

v′i = T · vi

T =


1 0 0 tx
0 1 0 ty
0 0 1 tz
0 0 0 1


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Surface Normals

n
n

v1

v0

v2

n

n =

(v1 − v0)× (v2 − v0)
∥(v1 − v0)× (v2 − v0)∥
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Transforming Surface Normals

n

v0

v1

M · n

N · n

M · v0

M · v1

Vertices: v′ = M · v
Normals: n′ = N · n

Prof. Dr. Tom Vierjahn Summer 2025 – CG (L): Transformations — Caution! May contain traces of linear algebra! — LMOU — V 12.05.2025, 12:53 — Page 8 9 / 12



Transformations in Ray Tracing
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Summary

▶ Translation

▶ Scaling

▶ Rotation

▶ Brief Introduction to Homogeneous Coordinates

▶ Transforming Surface Normals

▶ Transformations in Ray Tracing
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