
a brief exploration into

Ergodic Theory
111022121 蔡翰宗



Recalling Virial Theorem



Recalling Virial Theorem



Recalling Virial Theorem
given enough time, the 
“average” works even 
in non-periodic system 
as long as everything 
is bounded



Recalling Virial Theorem
given enough time, the 
“average” works even 
in non-periodic system 
as long as everything 
is bounded



a brief exploration into

Ergodic Theory
111022121 蔡翰宗



Average?

Time average

Phase average

Ensemble average



Average?

Time average

Phase average

Ensemble average



Leading to Birkhoff’s ergodic THM

measure space

almost every

ergodic?



Leading to Birkhoff’s ergodic THM

measure space

almost every

ergodic?

V

X



Leading to Birkhoff’s ergodic THM

measure space

almost every

ergodic?

V

X

for probability measure, 



Leading to Birkhoff’s ergodic THM

measure space

almost every

ergodic?



Leading to Birkhoff’s ergodic THM

measure space

almost every

ergodic?



Birkhoff’s ergodic THM



ergodic? or just diabolic?



two object



three object



three object



three object ⇒ duffing oscillator



three object ⇒ duffing oscillator



three object ⇒ duffing oscillator



three object ⇒ duffing oscillator



more object



ergodic? or just chaotic?



ergodic? or just chaotic?



(bonus⇒ non ergodic example)


