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Bases

Every vector space has a basis

All bases of a finitely generated space V have
same size dim V

Linear Transformations

V IN over same IF 4 Y W such that

p V 41 2 p X V2

y c x c ply

e g A C.FM IR IR x Yep Fib Fib



Specifying a linear transformation

V W vector spaces over same IF Basis B for V

Let B W be any function Then a unique LT

6 V W sit y v v VEB
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Interlude a linear algebra puzzle Matousek

V2

1

Can the rectangle be filled by a finite number of

non overlapping squares

Hint Vector space IR over Q Consider linear 4 R IR

s t p 17 1 and y E 7



Kennel and Image

4 IN

nences trevlum
oeup.siker 16 im e

ion p 61 7 v e v IN

e g A Q 1 up R m

im Ya span P b 1 1R

Ker YA Span



Rank nullity theorem

Let y y IN be a linear transformation for

finite dimensional V Then

dim im p dim Renfe dim V n
rank y nullity 14 say

roof say v are a basis for kernel

Complete to basis V Vr Vra Un 60mV

im p



A useful kernel

0 0 0 1 1 1 1
A

Q f q 1
153
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up

rank ya dim im UA 3

nullity ya dim Ker a 4

Ker ya is an error connecting code
can fix any one bit mistake



Eigenvalues and eigenvectors

E F is called an eigenvalue if

y f V 0v sit y x X V

eigenvector

spectrum spec y X E IF I is an eigenvalue of 6

e g 2 0 R R spec y 0,2
O O

R R spec 16 0

4 e Ex



Examples without matrices

4 C 10,17 CÉE finitely differentiable functions
t spec 6 R

C 1 etx

Ex Yep IR yep f G f ntl

spec e



Eigenspaces

Let U v EV 6 x X x Then X EIF
is a subspace of V

39006

y r f Val 6 v 6 v2

X V X V2

v V2

dim Ux is called geometric multiplicity of X



Independence of eigenvectors

Let X Xp be distinct eigenvalues of y and
let vi vn be associated eigenvectors
Then the set v Vp is LI

Proof If not let Vy _Via be smallest LD set

C Vi Ca Via 0 17

14

G titi Ce Xii via 0 2

Xia i 2 gives

G Xia Xi v Can Xian Xia Vin

even smaller dependency


