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Abstract: A finite element ( FE) method based on the generalized backward differentiation 6 formula ( general-
ized BDF2-0) was presented to solve nonlinear distributed-order time-fractional hyperbolic wave equations. The
temporal direction was approximated with the generalized BDF2-6 to get the FE fully discrete scheme. The pro-
posed model with high-order temporal derivatives was transformed into a coupled system including 2 lower-or-
der equations. The stability of the proposed FE scheme and the optimal error estimates for 2 functions v and p

were discussed. Several numerical examples indicate the feasibility and efficiency of the schemes.
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Fn" 12+ €2+ V" |2 < C(R"™ + 7% + ABY) . (56)
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AT i — B E B T B R RS 4 SR ) I .
B 1 FERESXE[0,1]2%[0,1/72]9, Bl (B) =T (4 - B), IELMET f(u) = sin(u) , TN

g(x,y,t) = (6t + 6(tﬁt_ t) + 2,,72153) sin(mx)sin(wy) + sin(’sin(wx)sin(wy) ), (57)
Kt e
u = t'sin(wx)sin(wy) . (58)

R 1, B6=02, Aa=1/400, At =h, =h =1/8,1/16,1/32,1/64 FFH T u BERZEAGTHEES, 1K
S ARG R AEF 2 h, B0 = 0.5, A =1/400, At=h, =h =1/8,1/16,1/32,1/64 4T u 1R
ZEAGTHEE A WS LA K53 i (] A5 235 SR W A ST i R B3 e 25 LS B Y 42230 T B, e 4 A
G5 IR — B0, AL AT DA i b oK A Ze vk s 1] 43 A [ XUt ik 2 2

FEE 1—4h ) 45T 2460 =0.2, Aa = 1/400, At =h, =h, =1/8,1/16,1/32,1/64 i, 7E 1 = 0.5 &b Y%K
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At =h,=h =1/8,1/16,1/32,1/64 I, £ ¢ = 0.5 A AR u — u, WEMRARYE KGR T LIE ) 2887

TEAESR AR AR LI ) 234 [ Xt i 3 75 R e ml A7 LA 2.

£1 %4060 =02, Aa

17400, At = h, = h, = 1/8,1/16,1/32,1/64 BB 2RI

Table 1 The space-time errors and convergence orders with @ = 0.2, Ao = 1/400, At = h, = h, = 1/8,1/16,1/32,1/64
A h, = h, =, rate T/s
1/8 1/8 5.336 4x1073 - 0.61
1716 1716 1.477 5x107° 1.8527 2.54
1/32 1/32 3.784 5x107* 1.965 0 15.57
1/64 1/64 9.518 8x1075 1.991 3 134.66

®2 460 =05, Aa = 17400, At = h, = h, = 1/8,1/16,1/32,1/64 (#1522 FISLHY
Table 2 The space-time errors and convergence orders with & = 0.5, Aa = 1/400, At = h, = h, = 1/8,1/16,1/32,1/64

A h, = hy lw=u, | rate T/s
1/8 1/8 1.294 6x1073 - 1.92
1716 1716 3.326 9x107* 1.960 3 2.57
1/32 1/32 8.461 5x107° 1.975 2 16.45
1/64 1764 2.137 7x107° 1.984 9 130.07

u
B1 %6 =02, Aa = 17400, At = h, = h, = 1/8 0},
1E 1 = 0.5 BB u,
Fig. 1 The numerical solution u, at¢ = 0.5 with 6 = 0.2,
Aa = 17400, At = h, = h, = 1/8
0.1
uh
s SN
0 f’%m‘m*
Sz M S NN N
05 ""'5:'::2:‘;:‘:83\““‘ :
0o y
B3 X6 =02, Aa = 17400, At = h, = h, = 1/32 1,

fE 0 = 0.5 AHOBCIRT o,
Fig. 3 The numerical solution u, at¢ = 0.5 with 6 = 0.2,

Ae = 17400, At = h, = h, = 1/32
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Fig. 2 The numerical solution u, att = 0.5 with 6 = 0.2,
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51 = 0.5 AR u,

Fig. 4 The numerical solution u, at¢ = 0.5 with 6 = 0.2,

Aa = 17400, At = h, = h, = 1/64
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B5 %46 =02, Aa = 1/400, At = h, = h, = 1/8 i,

BEl6 6 =02, Aa = 17400, At = h, = h, = 1/16 i,
fhe = 0.5 ABRE u - u, it = 0.5 bMiRE u - u,
Fig. 5 The erroru —u, at¢ = 0.5 with 6 = 0.2, Fig. 6 The erroru —u, at¢ = 0.5 with 6 = 0.2,
Ao = 17400, At = h, = h, = 1/8 Aa = 17400, At = h, = h, = 1/16
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Fig. 7 The erroru —u, at¢ = 0.5 with 6 = 0.2,

B8 20 =02, Aa = 1/400, At = h, = h, = 1/64 A,

Fig. 8 The erroru —u, at¢ = 0.5 with 6 = 0.2,
Ao = 17400, At = h, = h, = 1/32 Aa = 17400, At = h, = h, = 1/64
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