CMSC427

Geometry and
Vectors: Metrics and
the Dot Product



Euclidean geometry

Add distance metric to Affine space
Measure distances and angles

Inner product
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Vector magnitude

The magnitude (length) of a vector is
z v
v|* = v,* + Vyz l\/‘ = v

|V|=va2+vy2 ~ \} VARV

A vector of length 1.0 is called ajunit vector

To normalize a vector is to rescale it to unit length
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ormdl vectors represent diteetian and are used for:
| TOTT, normals, rotation axes
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Dot product

* Inner product between two vectors
* Defined using coordinate-free cosine rule

ﬁ

aeb = |al|blcos(0)
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O= 90°=>res /o) =0
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* Example:

a=<11> )= Jjmaz=\2
b =<10> o =tz5 = |
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aeb=14142+x1x0.70711 =1
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Dot product — coordinate version

e Given

a=(aya,) b = (b, b,)
* Then

aeb=a,b,+ayb,

* In n dimensions
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Dot product — coordinate version

e Given

a=(aya,) b = (b, b,)
* Then

aeb=a,b,+ayb,

* Example revised:

a =<11>
b =<1,0>
aeb=1%x14+1x0=1



Dot product: computing angle (and cosine)

* Given a e b = |a||b|cos(6)
* We have o 2eb
COS =
EYL
aeb
0 =cos~ 1
(Iallbl)

* Example . b _ L
a =<11>b =<10> Wy vz
aeb=1+x1+1x0=1 -
la| = 1.4142,|b| = 1.0 z

aehb
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la[|b] 1.4142 0.70711 (o5 /'\}Z): 72/

-1 (a'b> 0.78540 = /4
COS — V. =1
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Dot product: testing perpendicularity

* Since

T
cos(90°) = cos (E) =0

* Then a perpendicular to b gives
alb=>aeb=0

* Examples

a =<10>b =<0,1>
aeb=1x0+1%x0=0

a=<11>b=<-11>

aeb=1%—1+4+1%1=0 «hki/“ﬁ’
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Perp vector and lines

e Given vector

V =<1, 1), >

* The perp vector is
V=2
=< —Vy, Uy >

* So
vevi =0
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What you should know after today

1. Vector magnitude and normalization
2. Dot prdducts and cosine rule

3. Dot product, perpendicularity and perp
vector —
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