
 

Vectorspaces Poole 6.1

def A vectorspace is a nonempty set V objects vectors withtwo

operations

addition Itt e V for I I e V
multiplicationbyscalars cat e V for de V c a scalar

suchthat
1 Itv is in V closure under addition

2 I I E tu
d It cites cute y

commutativity of y
associativity of t

4 thereexists an element of a V the zero vector suchthat Ito I
5 forany GeV thereexists an element te e V sit I ft 8
6 C it is in V closureunder scalarmultiplication

7 C att Cet et
distributivity

8 Ctd I cat di

9 C di ed i assoc ofscalarproduct

fe.fi f doesn'tspecify whatkind of objects V consistsof anddoesn't
specify what the two operations look like

Fr scalars a R V is a real vectorspace
For scalars in C V is a complex vector space

Gretta O is unique T is unique O E O C DI T

o 8 81 8 CET tutti ta ie

Mainexa nleup t.no spaces IR no I withusual vectoradditionand
scalarmultiplication

Ex U all 2 3 matrices withusualmatrix addition andscalarmultiplication

note a vector in V is a 2 3 matrix



For any m not we have U men matrices
Thinga vectorspace

Ex I polynomials of degree 2 with realbelts

if p G aot a xt arx q x both Xt box two elements Pr
polynomials

then pox q x Gotbe a tb x t Cartbz x element in R
and C pox Cao t ca x t Caz x element in Pa

ZIector an P2 G Zero polynomial
all self o

O O X t o x2

negative p x ao a x aux

Generally Pn polynomials of degree In vectorspace

P all polynomials vectorspace

V all real valued functions on a set g
true cab IR

addition for f g e V ft g x fax g x

scalarmultiplication Cf x c fax
zero vector function foCx 0 for any XE ID

negative f Cx fax

E g ID IR fax It Snax ga 2 7

then Cftg x je snox 7 x 2g
G L thx

Each function is a point Cor vector in V

def A subset W of a vectorspace V is called a subspace of V if
a JEW
b it've W if I J EW
c II EW if dew cap

W closed underaddition

Wclosedunderscalarmultiplication
operationsof V



e a subspace W CU is automatically a vector space

Ex W 6 C V is a subspace zero subspace

E P
C all functions

on IR subspace

all polynomials

Pa C P ng o subspace

Ey IR is not a subspace of R Cnt even a subset

but 1st I s tell is a subspace of IR that lookandacts
like IR

Subsacespannedbyaset
The If I tp are V then

a W span Vi Ip is a subspace of V
civet ptp

b span Vi tip is the smallest subspace of V containing vi Vp

Terminology W is the subspace spannedby Vi Ip
in stp spanning set for W

E W vectors ofform 5
a her

showthat w CR
is a subspace

SI 5
af asf So Wspa vine subspace of R

F E
E Shouthat w

Effigy la ber C Po is a subspace

Sef We span it X X X subspace



E W Is c Maz is a subspace

Tift were K E

We also interested in setsthat spanthe entire V

EI polynomials 1 X X span Pa since each p x E Pz
in Pz aotaixtanx

is a lie comb of 1 X X

Likewise I x X

in P
Shan R

E Ma sra.CI I 9
En Elz Ez Er

since I a Ent an Ent 92 Ez tazz En

Mmm span Eij i i m

j
E'd matrix where Ci j entry is s

allotherentries are O

E V R with operations y j my.tl
Trey

COLE exec
ox

zerovector I
negative EJ EE

a vector space


