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Determinants

cofactorexpansion al ad be

A triangular detA a azz ann

rowoperations

A replacement B detA det B

A Techages B
det A det B

A Egg's
detA detB

det A 0 A is noninvertible singular

det A 0 A is invertible nonsingular

det A 0 cols of A lin dep

det A 0 rows of A lin dep



Vectorspaces

Definition involves 10axioms
Scalars are real numbers

YET Euclidean space

IRA space of functions from A to IR

IR space of sequences

IRE space of doubly infinite sequences

IP space of polynomials

IPn space of polynomials
of degree n

C a b space of continuous
functions on a b

CK a b spate of functions on
a b with a

continuous 4ᵗʰ derivative



subspace a subset that's also a vectorspace

H is a subspace of V iff

HCV H Visokay

J e H

fisclosdunderadditinandslamultiplicaion

Span V Vp is a subspace

for A a an Ffp

nullspace of A Nu A xe̅R Ax ̅ 8 CIR

columnspaceof A ColA Span a an CIRM

Crowspace
of A RowA Span F fm CIR

all are subspaces

T.IT E
the kernel of T is TE V TCT O CV

Eaka thenullspaceof T subspaces

the range of
T is T T JEV CW



B is a basis for V if

B is lin indep therefore finite

SpanB V

1 t t t standard basis for IPn

iiiiiiti.in

One at atime throwaway vectors that are linear

combos of the others until what remains is lin indep

I1 T.ms

EEEEEF
write soln set in parametricform

I L t.int
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pivot cols of are

a basis for ColA

Fnf qh YRo
A anditsechelonform
have same row space

nonzero rows of
echelotformL

are

Iittstan basis

x ̅ x ̅ c b cabin

B coordinatevector of x ̅

x ̅ x ̅ B coordinate mapping it's an isomorphism

y I pn
determined by B

linear one to one
and onto



If V has a basis then

all bases have the same of vectors

dimV of vectors in a basis

Vis finite dimensional

If V doesn't have a basis then

V is infinite dimensional

Exception

03 has no basis no lin indep subset

04 is finite dimensional

Ei
then S is lin dep

If SpanS V then S can be reduced to a basis

If S is lin indep then S can beexpanded to a basis

If dimV n and S T In then

S lin indep S is a basis

SpanS V S is a basis



for A mxn

rank A dimCol A of pivot cols

nullity A dimNut A of free vars

changeofcoordinate

Eg Chile Bn e matrix from B to E

an nxn matrix

Eg x'̅s x ̅ e

EB Be

Ee eEB DEB

If V IR and E E En then

Eg 5 Bn also called PB

Endig whenV 1

G in 5 bn In EB



for A nxn

EIR an eignal of A Ax ̅ x ̅ for some x ̅ 0

det A XI 0

characteristicpolynomial
degree n

Ax ̅ Xx ̅
xe̅R an eigreitof A x ̅ 0 and

a x ̅ 3

eigenspace of A corr to X 0 U eigenvectors

If Aistriangular.e.gr asareAn azz

Anneigvectscorrto distinct eigrals are lin indep

i e Xi X2 Xr distinct eigrals

It I fr corr eigrects

D
E.TT Axffrea

If X is an eigral of A and
xo̅ is an eigvectcorr.to X

then x ̅ X x ̅ is a soln to the diff equ



The multiplicity of an eigral is its multiplicity

IE III
Similar matrices have the same char poly

iiiLIII.am ei
such that A PDP

TH

l T
EEE's

cols are lin indep entries are eigrals of A

eigrects of A theymatch the cols
of P

laneigenbasis of IR
from left to right


