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Combined hybrid finite element methods for eigenvalue problems

FU Wei s WANG Hao, ZHANG Shi-Quan
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Abstract: In this paper, we apply combined hybrid finite element methods to the eigenvalue problems

and construct a new finite element method for solving the smallest eigenvalue. Firstly, we derive the op-

timal error estimation and then use numerical examples to verify our theoretical results. Both theoretical

analyses and numerical results show that for all the combined coefficienta € (0,1), our methods can ob-

tain second order accuracy when the lowest order finite element spaces are used. From the numerical

performance, we can also observe that the numerical solution can approach to the exact eigenvalue from

both directions for different a, so we can choose the optimal « such that better approximations can be ob-

tained on the coarse grid.
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Tab.1 The results of A, —X by using piecewise constant and bilinear elements

) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1/2 3.6608 3.0608 2. 4608 1. 8608 1.2608 0.6608 0.0608 —0.5392 —1.1392
1/4 0.9217 0.8093 0.697 0.5891 0.4722 0.3598 0.2474 0.1351 0.0227
1/8 0.2289 0.2029 0.1769 0. 1509 0.1248 0.0988 0.0728 0. 0467 0.0207
1/16 0.0571 0. 0507 0. 0444 0.038 0.0316 0.0252 0.0188 0.0124 0.0061
1/32 0.0143 0.0127 0.0111 0. 0095 0. 0079 0.0063 0.0048 0.0032 0.0016
1/64 0. 0036 0.0032 0.0028 0.0024 0.002 0.0016 0.0012 0.0008 0. 0004
order 1. 9980 1. 9803 1.9559 1. 9849 1. 9819 1.9773 1. 9425 1. 8793 1. 9307

hERTE AR « € (0,1), AT JIt DL BURR IR B9 o 8BS 3 0T DA 7E R A% 1 45 31 4R
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Tab. 2 The results of A, —X by using piecewise linear and biquadratic elements

W SR I 2% 02 4 B 3 2 AT BUE A5 R S S

) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1/2 0.1209 —0.0245 —0.1290 —0.2519 —0.4026 —0.5975 —0.8707 —1.3033 —2.1413
1/4 0.0041 —0.0022 —0.0089 —0.0163 —0.0248 —0. 0350 —0.0488 —0.0712 —0.1284
1/8 3E—04 —1E—04 —5E—04 —9E—04 —0.0014 —0.0018 —0.0024 —0.0031 —0.0045
1/16 1.6E—05 —8E—06 —3E—05 —6E—05 —8E—05 —1E—04 —1E—04 —2E—04 —2E—04
order 4.3273 3.9683 4.0078 4.0644 3.9917 4.1816 4.3657 4.2227 4.4621
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