































































Existence of eigenvalues Setup

Fundamental thm of algebra existence of roofs

Let PIXI Cn cnn.tn t Co be a polynomial in C
Then it has a root s t P x 0 721 Cpeg o

EE fE
t

des p

Corollary PIX can be factored ie I α on 9 1

P x Cn x α x an i x α


































































Existence of eigenvalues over C

Let V be a vector space over with dim V n

Let q V be a linear operator Then y has an eigenval
dim V N

3101 Start with any V 0

x y v 62 81 6 r must be L.D

Ico In EQ s.t.cn g v1 C girl CoV 0

Consider P x Cn t C xtco

α tn sit pin Cn X 47 2n it x α

so on enfort t i 414 to

in p α I p α I fu


































































Existence of eigenvalues over IR

Let V be a finite dimensional inner product space
over IR and let y Y be self adjoint
Then y has an eigenvalue

Define V ut iv 1 u v e v

y y as

glutir glal i y v7

Then y V V has at least one eigenval X

y utir x uti v

p u X n and q v7 X V

since e 6 XER


































































Rayleigh Quotients Connecting algebra and optimization

For 6 V self adjoint and v EV 0 define

Ryan x end In e Ra
I v12

Let V be an i p space with dim V n 4 V self adjoint
with eigenvalues X Xn Then

d
you you

e

roof
For W sit I la X Wi Ry n X

For V Σ Ci Wi with say Σ Cit HUME

Rp v Eci Wi E g xj.bg Ekitt Icf.x
1

V Rp v1 X


































































Courant Fischer Thin

Let V be an i p space with dim V n 4 V self adjoint
with eigenvalues X Xn Then ke n

Xp max min Ry V7
SEY VE SIKOVY
dim 5 k

min max Rp V1
SE V

dim 5 n ftp
Skov

Proof Ex


































































Positive semi definite operators

A self adjoint operator y V is said to be

Positive semidefinite if Rp Iv 0 v Ox

Positive definite if Rp x 0 v Or

e g Symmetric A FIR is positive semidefinite if


































































Characterizing Positive Semidefiniteness

For self adjoint y V V the following are equivalent

11 Rp v 0 Hx On

121 All eigenvalues of y are non negative

3 linear transformation α V V S t 4 2 2

3000 11 121 An 711 Rylus 0

2 3 For eigenbasis lot Wm

eigenvalues X In 0

consider α Wi VI Wi

3 11 For
any 6 u yer V 9 2 01

Can 1077
112107112 0


