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cs155 – z sweedyk

new and used 
mathematics
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background:  spaces

• linear space
– scalar
– vectors

• affine space
– scalar
– vector
– points
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scalars: real numbers
3.8
2.7
4.1
-1000.2
5
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vector: distance & direction in (3d) space

x
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z

p

q

v

v:  the way you get from p
to q
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vector: magnitude & direction in (3d) space

A vector does not have a 
position in space !
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vector: distance & direction in (3d) space

x

y

z

p

q

v

v:  the way you get from p
to q

v = <qx-px, qy-py, qz– pz>
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vector: notation

abusive but useful notation v=q-p

x
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q

v
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vector: distance & direction in (3d) space

abusive but useful notation v=q-p

… abusive because addition of points 
is not defined and, even if it was, 

we’d expect the result to be a point, 
not a vector
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vector: distance & direction in (3d) space

abusive but useful notation v=q-p

x

y

z

p

q
v

this notation 
makes perfect 

sense if we think 
of q and p as 

vectors
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vector operations

• vector norm
• scalar multiplication
• vector addition
• dot product
• cross product  (for 3d)
• linear transforms
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magnitude, length, euclidean norm

• v=<vx,vy,vz>
• ||v||=(vx

2+ vy
2+ vz

2)½ 

v

||v||

v is a unit vector if 
||v||=1

2/23/2003 CS155 - 3D Graphics Overview 12

scalar multiplication

• v=<vx,vy,vz>
• αv =<αvx, αvy, αvz>

v

αv
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vector addition

• u=<ux,uy,uz>
• v=<vx,vy,vz>
• u+v=< ux+ vx, uy+ vy, uz +vz>u

v
u+v
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dot (inner) product

• u=<ux,uy,uz>
• v=<vx,vy,vz>
• u•v= uxvx+uyvy+uzvz

= ||u||*||v|| cos φ

note: v•v=||v||2u

v
φ
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orthogonal vectors

• non-zero vectors u
and v are orthogonal 
if  u•v = 0

u

v
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cross product (3d)

u X v = w
magnitude:  ||w|| = 

||u||*||v|| sin φ
direction: w is orthogonal to 

both u and v in direction 
defined by right hand ruleu

vw
φ
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cross product (3d)

• u=<ux,uy,uz>
• v=<vx,vy,vz>

i j k
ux uy uz

vx vy vzu

vw
φ

w=
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background:  spaces

• linear space
– scalar
– vectors

• affine space
– scalar
– vector
– points
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point: position in (3d) space

x

y

z

(4,5,-1)
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vector operating on a point

x

y

z

p

q

v
• p=(px,py,pz)
• v=<vx,vy,vz>
• q=( px+ vx, py+ vy, pz +vz)

2/23/2003 CS155 - 3D Graphics Overview 21

vector operating on a point

x

y

z

p

q

v

abusive but useful notation 
q=p+v
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vector operating on a point

x

y

z

p

q=p+v
v

notation makes sense if p and 
q are vectors

abusive but useful notation 
q=p+v


