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Outline

 Rayleigh Quotient

 Generalized Rayleigh Quotient

 Perturbation of Eigenvalue and Eigenvector
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Rayleigh Quotient

 Definition of Rayleigh Quotient

 Properties on the Rayleigh Quotient

 Hermitian Matrix A
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Rayleigh Quotient

 Properties on the Rayleigh Quotient

 Hermitian Matrix A
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Numerical Range

 Numerical Range of a Hermitian Matrix A 

 Properties on Numerical Range
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Max-Min Theorem

 Consider Eigenvalues Ranking

 Min-Max Theorem

 Min-Max Theorem
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Generalized Rayleigh Quotient

 Definition of Generalized Rayleigh Quotient

B is positive-definite matrix

 Properties on the Rayleigh Quotient

 Eigenvalue of B-1A
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Applications on the Rayleigh Quotient

 Receiver-side Beamforming
 Desired signal xs, interference In, noise v

 Linear receiver

 SINR

vIxy
N

n
ns ++= ∑

=1

vwIwxwyw T
N

n
n

T
s

TT ++= ∑
=1

2

1

H H
s s

N
H H

n n
n

w E x x w
SINR

w E I I I wσ
=

  =
   +    

∑



8

Perturbation of Eigenvalues

 Bauer-Fike Theorem

 Consider the eigenvalue decomposition of A
 A = VΣV-1

 The eigenvalue decomposition of A + ∆A, μ be the 
eigenvalues, we have that there exists λ(A), such that
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Perturbation of Eigenvalues

 Proof: we have the following

We have that -1 is an eigenvalue of the following matrix

Then we have the following

which leads to the result
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Perturbation of Eigenvector

 Discussion: Eigenvectors can be sufficiently 
small for sufficiently small perturbation of 
matrix?
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