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Fermi-Pasta-Ulam problem

After the second world war 

Fermi et al. became interested 

in using the newly developed 

computing machines to test 

physical ideas, to perform 

”computer experiments” or 

”computer simulations”.

They wanted to check the 

prediction of statistical 

mechanics on the 

thermalization of solids, 

which relies on the ergodic 

hypothesis.

Printout of Fermi’s program. It is written in 

machine language.
from H. L. Anderson, J. Stat. Phys. 43, 731 (1986)
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Ergodic hypothesis

Time average = Ensemble average

Consider a closed system

Classical mechanics

The system follows a 

deterministic time-evolution

where the energy is conserved. 

The time-evolution is reversible 

with no direction in time.

Statistical mechanics

The system will move to a state 

of thermal equilibrium, where 

the entropy is maximized. The 

time-evolution is irreversible 

with a clear direction of time.
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Equipartition theorem
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Equipartition theorem
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Harmonic system
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?
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Harmonic system – numerical result

No equipartition of the energy
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Anharmonic system – numerical result

Equipartition of the energy ?
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Anharmonic system – numerical result

Equipartition of the energy !
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Anharmonic system – numerical result

No equipartition of the energy !
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Report written by Fermi, Pasta, and Ulam

Work done by Fermi, Pasta, Ulam, and Tsingou


