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Table 1 Temporal Errors and Convergence Orders for u,v and { with h=ﬁ

a At [ u—u, Il Rate I v, I Rate [ §—¢, Il Rate
1.1 1/10 2.6032E-01 5.7733E-01 3.4242E-01

1/20 7.2596E-02 1. 8423 1. 7592E-01 1. 7145 9. 6938E-02 . 8207

1/40 1. 9468E-02 1. 8988 4.9424E-02 1. 8316 2.6164E-02 . 8895

1/80 5.0329E-03 1.9517 1. 3038E-02 1.9225 6. 7943E-03 . 9452

1/160 1. 2788E-03 1. 9766 3.3433E-03 1. 9633 1. 7327E-03 L9713
1.2 1/10 2.4659E-01 5.5881E-01 3.2663E-01

1/20 6. 8301E-02 1. 8521 1. 6803E-01 1. 7337 9. 1854E-02 . 8302

1/40 1. 8288E-02 1. 9010 4. 7029E-02 1. 8371 2.4736E-02 . 8928




20

o E B i B F S

Frontiers of Chinese Pure Mathematics

At u—u, | Rate | v—v, | Rate le—¢, | Rate
1/80 4.7249E-03 1. 9525 1. 2388E-02 1. 9246 6. 4185E-03 1. 9463
1/160 1. 1893E-03 1. 9902 3. 1308E-03 1. 9843 1. 6251E-03 1. 9817
1.5 1/10 2.0114E-01 — 4. 8589E-01 — 2. 7346E-01 —
1/20 5.5049E-02 1. 8694 1. 4248E-01 1. 7699 7. 5857E-02 1. 8500
1/40 1. 4577E-02 1.9171 3.9062E-02 1. 8670 2.0193E-02 1. 9094
1/80 3.7635E-03 1. 9535 1. 0259E-02 1. 9288 5.2272E-03 1. 9497
1/160 9.5616E-04 1.9767 2. 6268E-03 1. 9655 1. 3311E-03 1.9734
1.9 1/10 1. 3305E-01 — 3. 6481E-01 — 1. 9145E-01 —
1/20 3.5684E-02 1. 8986 1. 0295E-01 1. 8252 5. 2018E-02 1. 8799
1/40 9. 3075E-03 1. 9388 2. 7492E-02 1. 9048 1. 3639E-02 1. 9313
1/80 2. 3889E-03 1.9621 7.1426E-03 1. 9445 3.5081E-03 1. 9590
1/160 5. 9822E-04 1. 9976 1. 7885E-03 1. 9977 8. 8305E-04 1. 9901
£2 A= o B B BERERBEM
Table 2 Spatial Errors and Convergence Orders for u,v and { with At =W100
h [ —u, | Rate o=, | Rate lg—¢, | Rate
1.1 7/10 4. 0732E-02 — 1. 4078E-01 — 5. 4488E-01 —
/20 9.9176E-03 2.0381 3.4037E-02 2.0482 1. 3691E-01 1. 9927
/40 2.4614E-03 2.0105 8.4251E-03 2.0144 3.4248E-02 1. 9992
/80 6. 1442E-04 2.0022 2.1012E-03 2.0035 8.5629E-03 1. 9998
/160 1. 5375E-04 1. 9986 5. 2533E-04 1. 9999 2. 1410E-03 1. 9998
1.2 /10 4. 0686 E-02 — 1. 4090E-01 — 5.4918E-01 —
/20 9.9096E-03 2.0376 3.4064E-02 2.0484 1. 3799E-01 1. 9928
7/40 2.4597E-03 2.0104 8. 4315E-03 2.0144 3. 4515E-02 1. 9992
/80 6. 1399E-04 2.0022 2.1027E-03 2.0035 8. 6298E-03 1. 9998
/160 1. 5363E-04 1. 9987 5. 2571E-04 1.9999 2. 1577E-03 1. 9998
1.4 7/10 4. 0647E-02 — 1. 4122E-01 — 5.5922E-01 —
/20 9. 9087E-03 2.0487 3.4132E-02 2.0487 1. 4049E-01 1. 9930
/40 2.4601E-03 2.0100 8. 4484E-03 2.0144 3.5140E-02 1. 9993
7/80 6. 1411E-04 2.0022 2.1069E-03 2.0035 8. 7859E-03 1. 9998
/160 1. 5364E-04 1. 9990 5. 2672E-04 2. 0000 2.1967E-03 1. 9998
1.8 /10 4. 0765E-02 — 1. 4245E-01 — 5. 8569E-01 —
7/20 9.9674E-03 2.0321 3.4450E-02 2.0479 1. 4707E-01 1. 9936
7/40 2.4769E-03 2.0087 8. 5298E-03 2.0139 3. 6783E-02 1. 9994
/80 6. 1838E-04 2.0019 2. 1274E-03 2.0035 9. 1964E-03 1. 9999
/160 1. 5466 E-04 1. 9994 5.3175E-04 2.0002 2.2993E-03 1. 9999
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Table 3 Spatial Errors and Convergence Orders for u,v and { with Ar=

2000
a h u—u, | Rate | v—v, | Rate le—¢, | Rate
1.1 1/5 1. 8423E-02 — 1. 8264E-01 — 8. 0957E-01 —
1/10 4. 7115E-03 1. 9673 4. 4948E-02 2.0227 2. 0080E-01 2.0114
1/20 1. 1849E-03 1.9914 1. 1192E-02 2.0058 5.0092E-02 2.0031
1/40 2. 9669E-04 1. 9978 2.7951E-03 2.0015 1. 2517E-02 2.0007
1.3 1/5 1. 8421E-02 — 1. 7804E-01 — 8.1222E-01 —

1/10 4. 7116E-03 1. 9670 4. 3796E-02 2.0233 2.0149E-01 2.0112
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h o=, | Rate lo—w0, Il Rate le—¢, |l Rate
1/20 1. 1850E-03 1.9913 1. 0904E-02 2.0060 5.0265E-02 2.0030
1/40 2.9671E-04 1. 9978 2.7231E-03 2.0015 1. 2561E-02 2.0007
1.5 1/5 1. 8595E-02 — 1. 7113E-01 — 8. 1537E-01 —
1/10 4. 7578E-03 1. 9665 4. 2086 E-02 2.0237 2.0230E-01 2.0109
1/20 1. 1968E-03 1.9912 1. 0477E-02 2.0061 5. 0471E-02 2.0030
1/40 2.9966E-04 1. 9978 2.6166E-03 2.0015 1. 2612E-02 2.0007
1.7 1/5 1. 9110E-02 — 1. 6282E-01 — 8. 1907E-01 —
1/10 4.8913E-03 1. 9661 4. 0051E-02 2.0233 2.0325E-01 2.0107
1/20 1. 2304E-03 1.9910 9.9715E-03 2. 0060 5.0709E-02 2.0030
1/40 3. 0810E-04 1.9977 2.4903E-03 2.0015 1. 2671E-02 2.0007
1.9 1/5 2.0196E-02 1. 5592E-01 8. 2327E-01
1/10 5.1696E-03 1. 9659 3. 8389E-02 2.0220 2.0425E-01 2.0110
1/20 1. 3005E-03 1. 9910 9.5599E-03 2.0056 5.0956E-02 2.0030
1/40 3.2563E-04 1.9977 2. 3876E-03 2.0014 1. 2733E-02 2.0007
x4 h=2A¢ B ,u,v ¢ WiRER K H
Table 4 Errors and Convergence Orders for u,v and § with h =2A¢
h=2At [ w—uw, | Rate [ o—w0, | Rate l¢—¢, | Rate
1.1 1/20 1. 2224E-03 — 1. 0166E-02 — 5. 3846E-02 —
1/30 5.4178E-04 2.0070 4.7811E-03 1. 8606 2.3931E-02 2.0001
1/40 3. 0478E-04 1. 9996 2. 7439E-03 1.9301 1. 3462E-02 1. 9997
1/50 1. 9486 E-04 2.0047 1. 7708E-03 1.9627 8. 6166E-03 1. 9996
1/60 1. 3524E-04 2.0031 1. 2343E-03 1. 9797 5.9842E-03 1. 9996
1.2 1/20 1. 2213E-03 — 1. 0214E-02 — 5. 3708E-02 —
1/30 5. 4089E-04 2.0086 4. 7659E-03 1. 8800 2. 3869E-02 2.0001
1/40 3. 0410E-04 2.0018 2.7256E-03 1.9424 1. 3427E-02 1. 9998
1/50 1. 9448E-04 2.0033 1. 7558E-03 1.9708 8. 5940E-03 1. 9997
1/60 1. 3496E-04 2.0040 1. 2226E-03 1. 9854 5. 9685E-03 1. 9996
1.4 1/20 1. 2237E-03 — 1. 0208E-02 — 5.3424E-02 —
1/30 5.4215E-04 2.0078 4. 6849E-03 1.9207 2.3742E-02 2.0002
1/40 3. 0442E-04 2.0061 2.6597E-03 1. 9680 1. 3355E-02 1. 9999
1/50 1. 9465E-04 2.0042 1. 7067E-03 1. 9880 8. 5477E-03 1. 9998
1/60 1. 3511E-04 2.0026 1. 1857E-03 1. 9977 5. 9362E-03 1. 9997
1.6 1/20 1. 2383E-03 — 1. 00623E-02 — 5. 3129E-02 —
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s
a h=2At o=, |l Rate o=, | Rate le—¢, | Rate
1/30 5.4927E-04 2.0045 4.53236E-03 1. 9670 2. 3610E-02 2.0003
1/40 3. 0872E-04 2.0028 2.55080E-03 1. 9982 1. 3281E-02 1. 9999
1/50 1. 9754E-04 2.0010 1. 63042E-03 2.0058 8. 4999E-03 1. 9999
1/60 1. 3716 E-04 2. 0009 1. 13624E-03 1. 9806 5.9029E-03 1. 9998
1.8 1/20 1. 2857E-03 — 9. 7936E-03 — 5. 2816E-02 —
1/30 5.7012E-04 2.0056 4. 3067E-03 2.0262 2. 3471E-02 2.0003
1/40 3.2022E-04 2.0051 2. 4406E-03 1.9742 1. 3202E-02 2.0000
1/50 2. 0500E-04 1. 9988 1. 5582E-03 2.0109 8. 4495E-03 1. 9999
1/60 1. 4232E-04 2.0016 1. 0837E-03 1. 9916 5.8678E-03 1. 9999
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L2—1, Finite Element Method for A Nonlinear Time
Fractional Fourth-order Hyperbolic Equation

WANG Yan,YANG Yining~

(School of Mathematical Sciences,Inner Mongolia University, Hohhot 010021, China)

Abstract: In this paper,a numerical algorithm with space-time second-order accuracy is constructed for a
fourth-order nonlinear time fractional hyperbolic equation. Firstly,a low order parameter § =a-1 is intro-
duced to reduce the Caputo fractional derivative of @ € (1,2) to the Caputo fractional derivative of B &
(0,1) . Secondly,two auxiliary variables v=u, , { =Au are introduced to transform the fourth-order nonlin-
ear time fractional hyperbolic equation into a low-order nonlinear coupled system with integral term. The
fractional derivative term is discretized in the time direction by L 2 —1, formula,and the integral term is dis-
cretized by the complex trapezoidal formula. Using the traditional Galerkin finite element method in space,
the fully discrete finite element scheme of the low-order nonlinear coupling system is obtained. Taking the
uniform rectangular division on a two-dimensional region as an example,the specific forms of stiffness ma-
trix and load matrix are given by the bilinear basis function, and the detailed algorithm implementation
process of the fully discrete numerical scheme is obtained. Finally,numerical simulations are carried out for
one-dimensional and two-dimensional examples. Compared with the original equation,the low-order system
can observe the changes of three unknown variables u,v,{ at the same time, and the errors, images and
convergence orders of the three unknown variables are listed in detail under different parameters and differ-
ent space-time steps,which fully verifies the feasibility and effectiveness of the algorithm.
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