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I—Abstract Vectors

Abstract Vectors
(d, v, w vectors; a, b, ¢ scalars)

— —

U+ v is a vector
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I—Abstract Vectors

Abstract Vectors

— —

(d, v, w vectors; a, b, c scalars)

— —

> U+ Vis a vector
> aii is a vector
> i+V=v+i
> (a+ b)id = aii+ b
> (d+V)+w=i+(V+w)
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Vectors
[ Matrices

Basis Vectors
Vector as linear combination of basis vectors

> \7:2?+1]:[i]

m+2h = { 1]
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» V=1p+1§= 1]
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Vectors
L Matrices

Basis Vectors
Vector as linear combination of basis vectors

> \7:2?+1]:[2]

1
R . N 1
> v=1m+2h = [ 2]
R " " 1
» v=1p+1g= [ 1]
V0
» Column: vV = [ 1 ] (we'll usually use this form)

» Row: v = [ Vo Vi ] (some texts; | like for normals)



Vectors
L Matrices

Matrices
al ,

> Matrix: A= l (1) 1 = [a}]
20 Al ,

» Transpose: AT = [ g 2 = [a{}
a0 a0 by b9

> Multiply: AB=| ©° "1 o=
9 91 by by

38b8 + 38"& agb? + agb% [ i ba}
g a .
A8+ iy ool | L




Vectors
[ Matrices

Adjoint and Inverse

> Inverse: A~A=AA"L =
» Determinant: |A]

> |a|:a
a b
> c d ‘:a|d| —b|C|
a b ¢
>cde:ad2—b;2+c?d
f g h g g
» Adjoint: A* = cof (A)" (matrix of cofactors cof (A))
» Al = A

IA]



Vectors
[ Dot Product

Dot Product

» Also called inner product

> eV isascalar

> fev=Vel
(au)e vV =a(deV)
(G+V)ew=tew+iVew
Vev>0

—

Vev=0<vV=0

vy v vYyy

» Matrix notation: e v =UTV = y,v®



Vectors
[ Dot Product

Dot Product as Norm
|v|?

o=
oV =

<L <!

|t|| V| cos @

» Defines angle 6!

» If |V] = 1, gives projection of & onto V
» If |G| = |V| =1, gives just cosf

>
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Dot Product as Norm
|v|?

o=
oV =

<L <!

|t|| V| cos @

» Defines angle 6!

» If |V] = 1, gives projection of & onto V
» If |G| = |V| =1, gives just cosf

>
>
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Vectors
LDot Product

Orthogonal & Normal
Orthogonal = perpendicular: e v =10
Normal (this usage) = unit-length: de i =1

Orthonormal: set of vectors both orthogonal and normal

vVvy VYy

Orthogonal matrix: rows (& columns) orthonormal
» For orthogonal matrices, A= = AT



Vectors
L Cross Product

3D Cross Product

—

ixv
» length = area of parallelogram = twice area of triangle
» |d x v| = |d||V]|sin(0)
» direction = perpendicular to 7 and v (right hand rule)
dlv2 — 2t
U VvV |=| v’ —ulv?
WOl — o

UxXv=

X~ =



Vectors
L Cross Product

Building an Orthogonal Basis

Vectors u, vV, w
» Gram-Schmidt

Orthogonalization (any

dimension)
u =1
vi=v—u (\70 ’)
A T
vVi=V— —= Ve —
TN
o oLy
v =V — u el
[u|?
- N - o=
vi=V—u L
u'eu’
- . - o - V]
> w = w— B R
ou’ viev’

u =1
vVi=wxu
I — o x v
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