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QuestionsQuestions
How to simplify a quadratic form?How to simplify a quadratic form?
What is an orthogonal matrix?What is an orthogonal matrix?
How to How to diagonalizediagonalize a square matrix?a square matrix?
What is the spectral decomposition?What is the spectral decomposition?
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Orthogonal MatrixOrthogonal Matrix








 




































 





















cossin
sincos

cossin
sincos

10
01

cossin
sincos

cossin
sincos

'
''

1

1 AA
IAAAA

1818

DiagonalizationDiagonalization

 

 

iii

k

k

k

kkkk

k

k

aaa

aaa
aaa

bAb

bbb

bbb

ΛBAB
BB






































































00

00
00

''
'

2

1

21

21

21

22221

11211

1

1919

Spectral DecompositionSpectral Decomposition
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QuestionQuestion
What is a positive definite matrix?What is a positive definite matrix?
Why to learn the concept of positive Why to learn the concept of positive 
definite matrix?definite matrix?
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QuestionQuestion
How to find the squareHow to find the square--root of a root of a 
symmetric square matrix?symmetric square matrix?
Why to learn the squareWhy to learn the square--root matrix?root matrix?
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Inverse and SquareInverse and Square--Root MatrixRoot Matrix
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QuestionQuestion
What is a random vector?What is a random vector?
What is a random matrix?What is a random matrix?
How to find the expectation of a How to find the expectation of a 
random matrix?random matrix?
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2929

Random Vectors and Random Vectors and 
Random MatricesRandom Matrices

Random vectorRandom vector
–– Vector whose elements are random Vector whose elements are random 

variablesvariables

Random matrixRandom matrix
–– Matrix whose elements are random Matrix whose elements are random 

variablesvariables
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Random MatrixRandom Matrix
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QuestionsQuestions
What is the population?What is the population?
How to compute population mean How to compute population mean 
vectors  and population covariance vectors  and population covariance 
matrices?matrices?
What is the statistical independence?What is the statistical independence?
If cov(x1, x2) = 0, will x1 and x2 be If cov(x1, x2) = 0, will x1 and x2 be 
statistical independent?statistical independent?
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QuestionsQuestions
How to compute the population How to compute the population 
correlation coefficient matrix?correlation coefficient matrix?
How to partition the covariance How to partition the covariance 
matrix?matrix?
How to compute population mean How to compute population mean 
vector and covariance matrix of a vector and covariance matrix of a 
linear combination of random linear combination of random 
vectors?vectors?
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QuestionsQuestions
What are the sample mean vectors What are the sample mean vectors 
and the sample covariance matrices?and the sample covariance matrices?
How to partition a sample mean How to partition a sample mean 
vector and a sample covariance vector and a sample covariance 
matrix?matrix?
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Population VariancePopulation Variance--Covariance Covariance 
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Maximization of Quadratic Forms Maximization of Quadratic Forms 
for Points on the Unit Spherefor Points on the Unit Sphere
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Square Root of Square Root of RayleighRayleigh’’ss QuotientQuotient
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