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About Cayley Hamilton Theorem

Cayley-Hamilton Theorem

What is the Cayley-Hamilton
Theorem?

¥ N

Every square matrix satisfies
Its own characteristic
equation. If Ais an nxn
matrix with characteristic
polynomial p(A), then

! pP(A) = 0. P

Arthur Cayley (1821-1895)
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Application of Cayley-Hamilton
Theorem

31-10-2025

Algorithm
Optimization
Simplifies matrix
computations in

cryptography and
graphics

Network Analysis

Analyzes social and
computer networks
through matrices

Applications of Eigenvalue Theorems in CSE

R
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Used in dimensionality
reduction techniques
like PCA
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Application of Cayley-Hamilton
Theorem

Cayley—Hamilton's Impacton IT

Machine [ 7
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Networking { \\ |
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Design gi | > 7D skills
Cryptography | ///
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Graphics &)
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Application of Cayley-Hamilton
Theorem Applications of C-H in Mechanical

Engineering
FEM
Vibrations Reduces
Enhances computational
simulation speed load
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Improves Aids in stability
calculation and design
efficiency
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Activity on Cayley Hamilton Theorem

Matrix Power Reduction

Find
High Matrix Characteristic Apply Cayley- Reduced Matrix
Power Polynomial Hamilton Verify Answers Power
Complex matrix Determine matrix's Express higher Exchange and check Simplified matrix
calculation polynomial equation powers using lower solutions expression
-------- e S S T
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Activity on Cayley Hamilton Theorem for
2-DOF Vibration Model

k1 k2
o NN === | == I\
| | Where:
ml m2 ® I7L1, TTla = MAasses
| | « [y, ks = spring constants
c1 c2 e (1,C3 = damping constants

| | e =I,Is = displacement of the masses

————————— NN -\ ———- Ground
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Activity on Cayley Hamilton Theorem for
2-DOF Vibration Model

k1 k2 Transforming 2-DOF System to State-Space

2-DOF System Diagram

ml m2 . .
Write Scalar Equations SB

c1 2 Assemble Matrices

N~

-
| ]
 —
—

| | Convert to State-Space N ~ <>

Y L Y i W —— \/\/-—- Ground

State-Space Matrix A

31-10-2025 MATRICES AND CALCULUS \ Cayley- Hamilton Theorem \Mr SAMINATHAN.CAP\ SNSCT 7/12



Activity on Cayley Hamilton Theorem for
2-DOF Vibration Model

Streamlining Vibration Analysis

Simplified
Waveform .
Solving Efficient
N Vibration
ODE-Free 04 | L Analysis
Vibration | - +—
Response ~  ~
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Key Takeaways

Matrix Inverse

Finds matrix inverse
without direct
formula

\ Determines stability
4 and natural

Matrix frequencies
Exponential Cayley
. 2 ) > Hamilton
Computes matrix . .
exponential for _— Appllcatlons

dynamic systems Robotics

: ; Used in controller
Matrix Powers design and state-
Simplifies high space methods

powers of matrices
for faster
calculations
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Pre-assessment - Quiz

What does the Cayley-Hamilton theorem state?

A) Every matrix has an inverse

B) Every square matrix satisfies its own
characteristic equation

C) Every matrix is diagonalizable
D) Every matrix has real eigenvalues
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Pre-assessment - Quiz

In mechanical vibration analysis, the Cayley-
Hamilton theorem helps mainly to:

A) Find stresses in a beam

B) Convert dynamic equations into energy form
C) Simplify high powers of the system matrix A
when finding e*{At}

D) Determine material properties of the system
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https://gamma.app/?utm_source=made-with-gamma
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