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Weak Galerkin finite element method for fourth
order singular perturbation problems
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Abstract: In this paper,we discuss the construction and analysis of the weak Galerkin (WG) finite ele-
ment method for the fourth order singular perturbation problems in two and three dimensions. By intro-
ducing the weak second order partial derivative operators, the WG method is constructed by adopting
continuous piecewise polynomials of degree k(k = 2) for the approximation to the displacement in the in-
terior of elements,and discontinuous piecewise polynomials of degree £ — 1 for the approximations to the
trace of displacement gradient on the inter-element boundaries. Based on the properties of the Scott-
Zhang and L? projections,optimal error estimates in energy norm are derived. In addition,for the bound-
ary layer case,we show that the methods are convergent uniformly with respect to the perturbation pa-
rameter. Numerical examples are provided to verify the theoretical results.
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Tab.1 The relative error in the energy norm (Example 6. 1)
e\h 22 273 2 27 26
20 6. 48E-01 3. 77TE-01 2. 06E-01 1. 08E-01 5. 57E-02
By - 0. 86 0. 94 0.97 0. 99
272 6. 48E-01 3. 77TE-01 2. 06E-01 1. 08E-01 5. 57E-02
1y - 0.78 0. 87 0.93 0. 96
2 3. 16E-01 1. 59E-01 8. 46E-02 4, 59E-02 2. 45E-02
1y - 0.99 0.91 0.88 0. 90
26 1. 78E-01 6. 03E-02 2. 36E-02 1. 12E-02 5. 85E-03
i1 - 1.56 1.35 1. 66 1. 36
278 1. 49E-01 4. 25E-02 1. 20E-02 3. 80E-03 1. 49E-03
1y - 1. 81 1. 82 1. 66 1. 36
210 1. 43E-01 3. 93E-02 1. 03E-02 2. 70E-03 7. 49E-04
By - 1. 86 1.94 1.93 1.85
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Tab. 2 The relative error in the energy norm (Example 6. 2)

e\h 22 28 2~ 275 27
20 1. 42E-01 7. 62E-02 3. 97E-02 2. 03E-02 1. 02E-02
Ky - 0. 90 0. 94 0. 97 0.98
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51 - 0. 60 0.72 0. 81 0. 88
275 2. 82E-01 2. 09E-01 1. 38E-01 8. 36E-02 4. 76E-02
[y — 0.43 0. 60 0.73 0. 81
27 1. 78E-01 6. 03E-02 2. 36E-02 1. 12E-02 5. 85E-03
1y - 0.26 0.43 0. 60 0.73
277 1. 95E-01 1. 78E-01 1. 49E-01 1. 11E-01 7.31E-02
1 - 0.14 0. 26 0. 42 0. 60
28 1. 49E-01 4. 25E-02 1. 20E-02 3. 80E-03 1. 49E-03
1y - 0. 07 0. 14 0. 25 0. 42
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