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Abstract

A kind of universal difference method is constructed for the time fractional telegraph equation.
The stability and convergence of the difference method are analyzed by Fourier method. Finally,
the effectiveness of the method for solving the fractional telegraph equation is verified by numer-
ical experiments. The comparison of different @ values is carried out. The numerical results show
that the numerical solution is better when 0 is around 0.5. Therefore, it is effective to solve the
time-fractional telegraph equation by the universal difference method.
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Figure 1. Exact surface solution
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Figure 2. Universal difference scheme for surface solution when = 0.2
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Figure 3. Universal difference scheme for surface solution when 6= 0.4
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Figure 4. Universal difference scheme for surface solution when 6= 0.5
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Table 1. Error analysis of solutions of universal difference schemes (M = 200, N = 100)

= 1 TRMESENBEAIRESH(ELM =200, N = 100)

X K =1 REM =05 RZE 0=04 R

0.1 0.1800 0.179790  2.094338E-04  0.179981 1.841547E-05  0.180019  —1.987445E-05
0.2 0.3200 0.319629 3.05689E—04 0.319965  3.484993E-05  0.320032  —3.244954E—05
0.3 0.4200 0.419515 4.47175E-04 0.419952  4.772436E-05  0.420039  —3.988088E—05
0.4 0.4800 0.479447 5.28257E—04 0.479944  5590459E-05  0.480043  —4.371741E—05
0.5 0.5000 0.499424 5.54648E—04 0.499941  5.870740E-05  0.500044  —4.489234E—05
0.6 0.4800 0.479447 5.28257E—04 0.479944  5590459E-05  0.480043  —4.371741E-05
0.7 0.4200 0.419515 4.47175E-04 0.419952  4.772436E-05  0.420039  —3.988088E—05
0.8 0.3200 0.319629 3.05689E—04 0.319965  3.484993E-05  0.320032  —3.244954E—05
0.9 0.1800 0.179790 2.94338E—04 0.179981 1.841547E-05  0.180019  —1.987445E-05

Figure 5. Solution of C-N (¢ = 0.5) format at N = 200 and M = 50
& 5.N =200, M =50HfC-N (0= 0.5k

Figure 6. Solution of C-N (¢ = 0.5) format at N = 400 and M = 200
[# 6. N =400, M =200 B} C-N (0 = 0.5)1&\f#
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Figure 7. Implicit (6 = 1) scheme solutions for N = 200 and M = 50
& 7.N =200, M =50FRR(0=1)&NME

x 0 o

Figure 8. Implicit (¢ = 1) scheme solutions for N = 400 and M = 200
8.N =400, M =200 RB2(0 = 1)1&\iE

theta=1.0

theta=0.5
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Figure 9. Error surface of universal difference schemes when theta takes different values
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