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4.1 47,48

Linearspaces

Eg a Consider equation f x f x
Somesolutions Fx sink fix Csx
General solution C since Czersk G G are constants

Looks like span since Costa

all linear combinations of sin x and cosy

6 Consider Legree 22 polynomials ax'tbx to abc scalars

linear combinations of X X I
Make thisprecise

Def A linearspace V is a set with t and scalarmultiplication

such that for all f g he V and scalars Gk
1 liftg th f gth
a Atg gtf
3 There is an element Dev such that fto f forall f
4 Forevery fer there is a gev suchthat ftg 0

say g f
5 Klfty left leg
6 Htc f left Cf

7 C Rf k f
8 If f



Eg a All these ruleswork for IR Take f ni g7 hwand all these rules are satisfied
6 Solutions to f x fix

Addition of functions satisfies 142
3 fat o is a solution

4 If f is a solution f is a solution and

f C f D

5 8 Standard rules for scalarmultiplication onfunctions
and if f is a solution so is Kf

c Functions f IR IR
If f g h are functions then rulesapply

d Man 2 2 matrices

If f A 9 8 h C are 212matrices

these rules apply
upshot use language of linear algebra inmanysettings
Def Asubset W is a subspace of linear space V if

a DEW

6 f gew AtgEW
c few Cf EW for all sealers C

Eg V All functions fi IR IR
W Legs2 polynomials ax't text C
a DEW a b c o

b ax'tb xtc t pxtax tr atp x't Cbtg x ctr
EW

c Yax thx c ka x th x the EW
so W is a subspace of V



More examples in 54.1 p168 169

Def fi fn EV linearspace
a Span it fn af toast tenth scalarscar cn

6 fi is redundant if it is a linearcombination of fi fi l
and fi fu are linearyintepetert if none are redundant

4 fi In forms a basis of V if span f fu V
and fi fu are linearly independent

Everygov hasunique caseon such that
g af t tenfor

so B fi an g B E ER

The map Lp Ve IR given by Lyly gap
is the B cordinatetransforation

Eg a W P Leg 2 polynomials

ax 6 1 a b c scalars

span tix
and X x I ate linearly independent so

B x X is a basis

ax'tbxtype
and tinW 3

6 LinearspaceMaz has a basis

B 1 1 1 t is a basis

himMae 4 and I p



Asie B si 11,131,4 is also abasis

C Solutions to f x fix

has B since cos x as a basis

Solutions form a 2 dimensional subspace of
the linear space of differentiable functionstwice

The The solutions to

f x an flu x t r ta f x ta f x 0

for an n dimensional subspace of n fold differentiable functions
Line's

paces canbe infinitedimensional

Eg consider V P all polynomials

Cannot have a finitebasis because degf m

Legg n

then Leg ft g E max man

Def A linearspace V is finitedimensional if it has a

finite basis fi an ti V n

Otherwise V is infinitedimensional
And We do not have a definition for an infinitebasis

Different course Functional analysis


