
Energy Preserving High Order Mimetic 
Methods For Hamiltonian Equations 

Hamiltonian equations possess a Ham-
iltonian function that govern the con-
served physical property for the system. 
Obtaining a discretization scheme that 
satisfies the intrinsic geometric proper-
ties of its continuum problem is often 
a challenge. Spatial schemes that dis-
cretely mimic a conservation law are 

known to result in accurate discretizations of partial dif-
ferential equations. The mimetic methods considered in 
this paper are based on the work of Castillo and authors. 
These methods produce high order mimetic operators 
which, by construction, result in a discrete equivalent 
to the conservation law. These operators work on stag-
gered spatial grids and produce even orders of accuracy 
at the boundaries and interiors, without the use of ghost 
nodes. The high order mimetic operators D and G are 
discrete approximations of their continuum counterpart 
vector calculus identities of divergence and gradient. 
The resulting discretizations are therefore said to mimic 
the underlying physics. The preservation of the spatio-
temporal energy evolution requires a corresponding time 
integration scheme that is structure preserving, such as 
the staggered leapfrog scheme. The traditional leapfrog 
scheme, however, is limited to second order accuracy. 
In this work, we study the high order composition tem-
poral methods with the mimetic operators to investigate 
the energy preserving aspects of Hamiltonian systems. 
Fourth and sixth order spatio-temporal energy preserv-
ing scheme are presented for both linear and non-linear 
Hamiltonian systems. The novelty of this work lies in a 
numerical scheme that is sixth order mimetic energy pre-
serving for non-linear Hamiltonian systems. Numerical 
examples that illustrate our findings are also presented 
in this work. 
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