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Preliminaries: Mimetic Methods.
Mimetic methods are a set of discrete operators DIV, GRAD, CURL

that approximate continuum differential operators div, grad, curl, and 

preserve fundamental properties established in vector calculus.

Construction (Castillo and Grone, 2003):

The central problem is to find DIV, and GRAD to satisfy a discrete analogue of the 

divergence theorem:
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A collection of values of v and f are defined in a staggered grid and collected in 

vectors v and f. Operators DIV, and GRAD become matrices D, and G that satisfy

<    v,f > + <v, G f > = < Bv, f >DĔ



Second Order Discrete Operators

The simplest discrete divergence is given by
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ÅThe discrete gradient is defined 0 ¢i ¢N-1

ÅhG = 
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The discrete Laplacian is 
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Castillo and Grone (2003) introduced matrix B to write the 
discrete identity using standard inner products,

< D v,f > + <v, G f > = < B v, f >

B = 

In addition, they proposed matrix Bô by using weighted inner 
products,

where Q and P are positive definite 
matrices consistently built. In this case,
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Model Problem

ÅGeneral elliptic partial differential equation:

( ) WÍ=- xxFugradKdiv ,)(

Kis a tensor function, F(x) is a source term

ÅRobin boundary conditions:

Wµa, b, gare function given on 

( ) WµÍ=+ xuugradKn ,,Ĕ gab



1D cases of study

Case 1:

Let,    F(x) =

ÅThe elliptic partial differential equation is: 

on  [0, 1]
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ÅRobin boundary conditions:

aä(0) ïbäô(0) = -1

aä(1) + bäô(1) = 0 l
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The exact solution is:
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ÅThe discretization process leads to any of 

these two systems of linear equations :

for
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Numerical Results 

h B Bô

0.20 0.00171780 0.00156968

0.10 0.00038992 0.00034941

0.05 0.00009085 0.00008365

ÅThe truncation error is

ÅIn this case we compare results using B and Bô
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2-D Model Problem: 1st case

ÅHyperbolic PDE: Wave equation homogeneous
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( ) ]1,0[],1,0[,02 ÍÍ=- yxugraddivcutt

Wµa, gare functions given on 

WµÍ= xu ,ga

ÅDirichlet boundary conditions:

ÅInitial Conditions: ÅExact Solution:
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Numerical results: 1st case
Finite Difference Mimetic Method

Solution from FD method

Solution from mimetic method


