
Outline for vector spaces and subspaces
Before introducing vocab I want to roughly discuss the

setup and goals of vector spaces and subspaces

Setup Have sets of things to describe like

sets of vectors matrices

sets of points in IR R IR lines planes
sets of solution functions for ODES

all solutions of y y 0

yes y y 0 7
Goal Find minimal generating sets for these sets

i 5 is a min gen set for 1R

i j k IR

cos ill sincal is a mingen set for set of sol
functions of ODE y y 0

Need to defineclarify generating set and minimal

Need to ensure these minimal gen sets even

exist

The idea of a minimal generating set is

intuitive enough ATM that we needn't worry
about a precise definition yet

So Q Which sets have minimal generating sets

A Sets which are vector spaces and or subspaces



Subspaces of IR
Let W be some subset of IR so W is a collection of
column vectors

DEF W is a subspace of IR if 3 things are true

The Q vector is in W

closed under addition If u and I are any two
elements of W then the linear combination

at by is also in W

Succinctly 1 LEW 1 1 EW

closed under scalar multiplication If a is any
element of W then any scaled multiple KI is

still in W succinctly LEW KLEW for
any KEIR

Read examples in notes for details
Ex V IR w k KEIR

See W V Is Wa subspace of R
contained in

oew Yes k 0 of 8

CAO generic u.IE w a a 1 6 1

a I atb still EW

generic ue w a a

ka lka I still E W



WAll 3 so W is

a subspace of IR v

Ex V R W y KEIR y

7 KEIR

E W no because 9 1 required
W not a subspace of IR ErTaking two elements and I



Ex r R W span
al by a GEIR

EW Yes 01 OK so Q E W

CA Generic elements all be

y CL de

y atc 1 16 41 I Span 4 I W

CS Generic scalar k element D All 6K

KI Ka 1 Kb 1 E W

All 3 true so W is a subspace of IR

sets which are spans of some of vectors
1 or more are automatically subspaces
of the larger vec sp

w ER 3x 2y 2 0

8 w

Generic element 3 y
y I

king EIR

so w y a.ge R span b
so W is a subspace of IR

3

is a spanning set for W












