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Abstract: The mixed finite element method was combined with the continuous space-time finite element meth-
od to construct a continuous space-time mixed finite element scheme for sine-Gordon equations, through the
introduction of independent variable p = u, to solve the equations. This scheme uses the finite element method to
treat both time and space variables. The space-time mixed finite element scheme can reduce the order of the e-
quation and lower the smoothness requirements on the finite element space. The advantages of the finite ele-
ment method was utilized in both the time and the space directions, thereby to obtain high-precision space-time
numerical solutions. The stability of numerical solutions was strictly proven in the theoretical analysis, and er-

ror estimates for u and p were provided. Finally, the effectiveness and feasibility of the proposed method were
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demonstrated through numerical examples.
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Table 1  Error and convergence rates in the space direction with the linear basis function and £ = 1/200

h Ip=p"1, rate log, (k) hw—u™1, rate log, (k)
1/4 4.739 6E-3 1.781 9E-3

1/8 1.330 1E-3 1.833 3 4.985 6E-4 1.837 6
1/16 3.409 2E-4 1.964 0 1.278 7TE-4 1.963 1
1/32 8.578 9E-5 1.990 6 3.217 3E-5 1.990 8

K2 JHEVEILEEC k= 1,200 I, 56T I8 7 16 4358 22 A SO

Table 2 Error and convergence rates in the time direction with the linear basis function and £ = 1,200

h lp=-p"1, rate log, (k) [ w=u", rate log, (k)
174 8.072 5E-4 3.590 1E-4

1/8 2.537 4E-4 1.669 7 9.153 6E-5 1.971 6
1/16 6.484 OE-5 1.968 4 2.293 7E-5 1.996 7
1/32 1.664 3E-5 1.962 0 5.793 9E-6 1.9850

P 1—4 30 45 th ) 28 2t L s BRI 258 R R EBUL K b = 1740,k = 1/40 BB ELAR w,p FIEUE
W p™ RN LY PR S S U B A ST B2 A% U RB A5 K A sine-Gordon 72, H RIS /3B 45 5L A 2L



54

TPz, 5 ARZAE sine-Gordon J7 BERYIELEMS 2 1R A A BRIT 7 i 499

u, u'*

#*3

—¥— numerical

exact

0.06

0.04
0.02
0 . ‘ . ‘
0 0.4 0.8
X
B RS PRAL, o AW BT L
Fig. 1 Comparison between u and u"* with
linear basis function
—¥— numerical
12 L ? exact
8 L
4 L
0 0.4 0.8
X

3 TREEMREL, u MW B (= T)
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Table 3 Error and convergence rates at time ¢t = T for the linear basis function
k(k = 10h) 1/4 1/8 1/16 1/32
lw—ucxly 4.035 9E-3 1.128 9E-3 2.892 0E-4 7.272 5E-5
rate log, (k) 1.837 9 1.964 8 1.991 5
lu—usll'y 1.782 0E-3 4.985 TE-4 1.278 7E-4 3.217 2E-5
rate log, (k) 1.837 6 1.963 1 1.990 8
Ip=pex s 8.669 2E-3 2.375 9E-3 6.010 2E-4 1.505 1E-4
rate log, (k) 1.867 4 1.982 9 1.997 5
lp=ps Iy 8.497 OE-3 2.365 9E-3 6.001 4E—4 1.504 6E-4
rate log, (k) 1.826 4 1.968 9 1.995 7
R4 TUIEREL, o = T RIS
Table 4  Error and convergence rates at time ¢t = T for the quadratic basis function

k(k = 10h) 1/2 1/4 1/8 1/16
lw—=uex Iy 3.068 6E-3 6.695 TE—4 1.617 OE-4 4.003 1E-5
rate log, (k) 2.196 3 2.049 9 2.014 2
w =gl 7.529 1E-6 7.082 6E-7 8.170 7E-8 9.852 2E-9
rate log, (k) 3.410 1 3.1157 3.0520
P =pex Iy 3.538 7E-3 5.569 8E-4 1.221 2E-4 1.880 6E-5
rate log, (k) 2.667 5 2.189 3 2.699 0
Ip=pselly 7.511 3E-5 8.248 3E-6 7.801 6E-7 7.875 8E-8
rate log, (k) 3.186 9 3.402 3 3.308 2

1% 3 AT 5 A5 AT A, AR SCR G I 28 2 20 2000k pR B0 5 3 M SCRIR L 12 ] MDA i 2 ) e 1k 22
T R BOTEA L, R w,p BHCEUET 24 o —Bir R AR SO R Ak 23 s 3y 8 22 WS /N T3k [ 12 ] 5
TR 2. 1 3R 4 FIET 6 BB nT AR, SCRR[ 12 ] AR 2 ) — o 2 0 2 o 20 s e S o — o, i
AR AR M I 2 g 2 T e R 7 X, p BRSSO T8 31 = I, AR SCJIT i i 2 A% X el 394 e 1] 32 pR
022 I UASOT i v WSS RSCRI T B80K HE H AR FHOR IR ) 25
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ASGHS GBI AL p = u,, #1RT sine-Gordon J5 FEWI A MG 1 T 18220 2511 54 FROTAR A% X
PILEmt 2 A BROCHIHEDL T BEATAITSE , DR M BAT I 25 e oA B, O ELRE RS T 4y st i Rl 2 B A SO T
sine-Gordon J5 R HZELEMT 2 IR AT ROTH AR E M, ST AR B 802 JFINE THGER TRIMERT, 43 Hh T &K
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