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Sep 17, 2025

Vector-Induced Lp Norm of a Matrix

Maximum of Sum of Absolute 
Value of Column Elements

Maximum of Sum of Absolute 
Value of Row Elements

Infimum is the Geatest Lower Bound 
(does not have to be in the set), eg 
The smallest positive real number

Supremum is the Least Upper Bound 
(does not have to be in the set), eg 
The greatest negative real number
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Matrix Norm Axioms

Copyright:Homayoon Beigi

3

Intro. to Continuous Control
homayoon.beigi@columbia.edu

https://www.recotechnologies.com/beigi
mailto:homayoon.beigi@columbia.edu


Sep 17, 2025

Unitary, Orthogonal Matrices
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Conjugacy, Orthogonality, Orthonormality
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Singular Values of a Matrix

Copyright:Homayoon Beigi

6

Intro. to Continuous Control
homayoon.beigi@columbia.edu

https://www.recotechnologies.com/beigi
mailto:homayoon.beigi@columbia.edu


Sep 17, 2025

Rank of a Matrix
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Singular Value Decomposition
of a Matrix

and

Such that

where, and
Then,
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Vector-Induced L2 Norm (Spectral Norm) of a Matrix
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Frobenius Norm of a Matrix

NB: The Euclidean or Frobenius Norm of a Matrix is not the same as its L2 Norm  (Spectral 
Norm) – in contrast with a vector, where the Euclidean Norm and the L2 Norm are equivalent.
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Frobenius Norm of a Matrix

For a complex Matrix A, 
replace AT with AH

Therefore the 2-norm (spectral norm) of A is always smaller than its Euclidean 
(Frobenius) Norm

Where equality holds for the case when A is a vector or has rank one.
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Pseudo-Inverse (Moore-Penrose Generalized Inverse) 

is the SVD of AThen if 

where

Exists and is A
Exists and is A†

This perturbation will 
make this term invertible
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Positive Definiteness
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Ordinary Gram-Schmidt Orthogonalization
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Modified Gram-Schmidt Orthogonalization
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Sherman-Morrison Inversion Formula
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Stochastic Matrices

Sum of elements 
of each row
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Complex Variable Theory

René Descartes called it 
imaginary to show its uselessness
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Complex Variable Theory
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Representations of Complex Variables

where, and
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Properties of Complex Variables
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Product and Quotient of Complex Variables

Periodicity 

Product: 

Quotient: 

Copyright:Homayoon Beigi

22

Intro. to Continuous Control
homayoon.beigi@columbia.edu

https://www.recotechnologies.com/beigi
mailto:homayoon.beigi@columbia.edu


Sep 17, 2025

Periodicity of Complex Variables
Problem: 

Solution:
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Modulus of Product of Complex Variables

Proof: 
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Modulus of Product of Complex Variables

Proof (continued): 
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A Circle in the Complex Plane

Sample Application: the Cauchy Residue Theorem
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Euler’s Formula and de Moivre’s Theorem
Euler’s Formula:

Euler’s Identity:

De Moivre’s Theorem:

Proof: 

Sample Application: Solution to Differential Equations and Integral Transforms
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A Hermitian Function

Sample Application: Cauchy-Riemann Conditions 
and the Cauchy-Riemann Theorem
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Limits – Limit of a Sequence

Sample Application: Convergence of Fourier and 
Power Series, as well as in the Probability Theory

Sample Application: Financial Interest, 
music (tonal theory)
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Limits – One-Sided Limit of a Function

The limit exists if

The limit exists if
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Limits – Limit of a Function of a Continuous Variable

If and Only If
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Limits – Existence of a Limit
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Limits – Infinite Limits
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