
 

VectorSpaces
We are alreadyfamiliarwith someexamplesofvector
spaces
R n set of real numbers
IR n n y plane
RB n 3 D space
R r all column vectors with n components

We have twoopations addition oftwo
vectors

multiplication by a scalar
For us scalars will always be real numbers

In addition there is also a Etr and an

4 Infor
Deff A realvectorspace is a setof vectors together
with rules forvector

addition and scalar multiplication

It satisfies the followingproperties

there m y are vectors and c er Cz are scalars

Al nt y y tu
Nt Cy z at y t z

3 Thereexist a unique element O s t at 0 2

4 There exist a unique
element n foreveryrector

H s t Uta 0

5 1 N e n



6 c can G can
7 eGety ca t cy
8 GtCz a Can t can

Example n The space of all mx n matrices

Thespaceoffunctions for defined on a
fixed interval say O I n I l

3 Infernal space IT withinfinitely
Caution Wewill explainthis

taperomponents

4 Anyplane in RBpavingthrough 100,0
Thisexamplesuggatsmotivates the conceptof a subspace
Def1 A subspaceof a v s is a nonempty subset
that satisfies the requirements of a v s

Linear combinations stay in the subspace
The zero vector belongs to any subspace

Example C The zero vector is the smallest subspace
e The wholespree is the largest subspace

Fourtypesof subspacesof R
RB itself
Anyplanethrough1010,0
Any line through10,00



The Zerovector O0,0
9 The setof lowertriangularmatrices

Nonexamptest C All vectors in R where components
are positive or zero

e Including negativecomponents also
does not result in a subspace
Ourmotivation goal is to understand equationsof
thetype An b more deeply

To that end we will next discus fro important
typesofv S Column space Null space
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