

























































































LectureXXXVI 59.6Complexvectorspans complexeigenvalues

Lasttime Defined complexmembers Z a ti b a Rely b Imit in R

la ti b t let id l late til bed

la ti b 1st id Iac sd if ad tbc on I

Complexconjugation at a til b a i b u N Ztt Ett
121 ZT Z T

Modulus lati bl att
ZE 1212 so if 240 then Z Ey

FundamentalThinofAlgebra A degree n polynomialin Efx has exactly aroot

in A countedwithmultiplicity

Special case If fin Rex its roots are in a types

real root non real roots come in conjugal pairs d I

Example A 659 m Patty at A TI dit 8 1 1O 2 I

I t B H H 2

Y H that 5

Roots 1 41112424T GIVE 9ft at it agitate

Eigenspaces for zti 2 i They will be in 63

s Vectors in Q

The ideas algorithms we developed forR will translate directlytod

DI I in a means ri ra sun in d














































Addition entry by entry

Scalarmultiplication scalars are now in A we operateentry by entry

ample E II 5 it u Ftw
it

ii Itiit 19 it
it lit

DotProduct on A needsto be modifiedhim R one

F I IT W Tz wa t t ri wa 5 f notsymmetric

Example I t I

I I T ati I 9 2 12 2 i 4 2 2 5 41 I I 23

I I zti I 147 I 2 i t 14 til i 2 it 9 i i It is

Q Why this formula

A Wewant F I 151 to be a non negative realmember

the formula from A restricted to R should agreewith the oldme

151 YET ta ri tr ret the rn llhl't
t

THEOREM I Q with this addition scalar multiplication is a rector

space on Q It satisfies the same 10 properties defining IR as a

rector space but now using scalars inQ see Lecture14

Same ideas from R allow us to define

Subspaces of A Sets U satisfying 3 properties

si OT is'm N

152 If I I are in N then so is Itt

S3 If it is inN a is in d then at is in N



Spa É Ep all I linear combinations off
Prototypeof asubspace I a I t tap ai sap in A

35 Epl spans N if N Spa tip yup
arbitrary

A linear independence 35 of are l i if

a t tapup
has only a solution in 9 ap namely 9 az Gp to

Solve the system with matrix In This augmentedmater

has entries in A d Gauss Jordan works wheaten but now weoperate

with complex numbers

Bases B 3up rpt is a basis for a subspace N of Q

if B spans N B is linearly indep.ms B deinaN

2 AbstractVectorSpaces on Q

They are defined using the same 8 properties but now we use scalars

in Q There are 2 main examples

Patman 19 mxn matrices withentries in d

Addition entry by entry SalonMulti entry by entry
zero matrix of size mxn

Example Y 4 it

if.is Et si
Basis 3 En Emm same as for Matn IR



Pu Q 4Pix ta ta x t t aux i no ai an in A

Usual formulas for addition scalarmultiplication Heem byTerm

Example Il tix It 12 2 i x 2 tix z i x2 ill tix i X

Basis 31 X x2 x I 1 same as for Pn P IR

3 Eigenvectors in Q

Pick A n xn matrix with real entries t in d an eigenvalue

ie PA d o Then

E 3 I in Q AE JEE W A d In is a subspaceof a

Key It d in IR the Ey has a basis with all vectors in R so

dump

Effigy dugEx we an allowing more scalars
but thedimensiondoesn'tchange

Q How to find NCA II

I Use Gauss Jordan to put A 1 In in REF allowing scalars in Q

Example A 3 Patt dit it tatts

Root 1 4 I 1216 4 5 4 IF GEE 2 Ii

Este W A 12 2 Ia W 3 12 4 I

2 I Rti

N It a it

I i

I 2 i i Renata yr t f 4 4 9 0 If



Eui Sp ti

Ez i N A Iz i I N 3 K it
z i iz is

NILE Hill
I amplexanjugali of theothermatrix

I Ii Frame to
t s fit

so Ez i Si iti
Observation Eff m Eat then I I in Ea Ea i

This is true whenever A has REAL entries

Advantage Ez i comes for free once we compute Eti

RULE If A n xn matrix has real entries and 1,5 are amplexroots
ofPatti leecall roots of realpolynomials come in conjugatepairs I ther

B 3up sup t is a basis for Ex if and only if

B IT if l E

Why If AF de then AT JE
I AE AE j y

so I is in Ej

Conclude Once weampute B computing B is very easy

Examples A 19 Patty let f I I t't
I i tti



Eigenvalues I i each with algebraic multiplicity 1

Ei N A it N II ILY III
1steye it qu so Solus

y I x i

Ei Sp ti m E i Srl sp t
gum malt for ie i is

conclude A is um defective eigenvalues are in Q

A is diagonalizable over Q but not over IR

5 AS I with S ft at S ri

5 i 15rem
withrealentries

Consequence If A is not symmetric then all eigenvalues are real

Why Pick d in A root ofPa t Find I with AE dit

Take AI JI multiply each side by IT
ITAI ETAT d ETE d 11511 1

But ETHEETHE CT 531 du drat If
WE TE HETE ETAT E IT HE TIE JU un

J Etf J IF IT a

Compare 11 41 to set a IIIT III ie dit meaning did


