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Numerical energy conservation over long times 

 
The flow of a Hamiltonian (ordinary or partial) differential equation exactly preserves the energy for all 

times. Along numerical solutions obtained by classical integrators, one typically observes a linear energy 

drift. This talk discusses numerical integrators that have an improved behaviour concerning energy 

conservation. Situations where the energy error remains bounded and small over long times are: 

 

• symplectic methods applied to ordinary Hamiltonian differential equations;  

• symmetric integrators for nearly integrable reversible ordinary differential equations; 

• exponential integrators and the leap-frog method for one-dimensional nonlinear wave equations subject 

to periodic boundary conditions. 

 

There are situations where the numerical error in the energy behaves like a random walk and therefore 

grows like the square root of time: 

• symmetric methods applied to reversible chaotic differential equations;  

• propagation of round-off errors in situations where the theoretical error in the energy remains bounded 

(without drift). 
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