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Abstract: In this paper, a high order numerical method for solving time-fractional diffusion equations is
presented. The time-fractional derivative of Caputo is discretized using the L2 interpolation approximation, and
the second-order spatial derivative is discretized by the central difference scheme, thus constructing the numer-
ical discrete scheme for the equation. It is proved that the numerical scheme is unconditionally stable and has
a second-order convergence rate O(7° “ +h*)(0 < a < 1) . A numerical example is given to verify the stability
and convergence of the scheme.
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208, ,8.u") = |15t > + [8,ut > = 078,447, (49)
2(u,d") = b+t - et (50)
ﬂ“§UM$W-+%&H8MW-%% NP - aBy [P < mfatt |
2 dyy|a[? + do [ + (m + Zd’” L+ dy) |at P HEE A (42) ~(44) FRER T

=2
/zE 153
|ab[1? + ooBy 8, ut [P < mfat 2 + aoBs m|ut P + aoBy ]S WP+
k-1

24

j=2

;~

a7+ dy P < mCla P+ ey mllo,ut ) +

k-1
> AP+ s[5, P + il (51)

2
TUE @t ? + ey’ 8,0 > < [P Sk <n.
MECHAAEIEY], TIEk = 1 0. hal (28) FIxX (41) #15
l_LLl +&08qu = (1 —n)u?o (52)
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B (52) SESWING 2u! BNAR, 15 2(a 1) + 26, [0t |2 + 26 6.k |* = 2(1 -
n) (u’,u'), EAR (50), 53
[P+ a5, [ < (1 =m+7°) > < [ (53)
m (51) FI= (53) M52 15 |22 + a8, 18,42 < |’ HZaOBO-' 15,0 | +
Gl P < (n+ @) [P < W00 Bk =2 TILCIERS . BRAHEX b =23, -1
Wz, FiEk =7 BTHIE .
ma (43) Ak (44) mIHE

. _ . j_l . .
[ |” + ey [,/ F < (n+ X &, +d)|u]* < [ (54)
1=2
B, FAGHE |t A e = Wt - T RIS =R, AT
luf Il = fla* + mut < a1+ s () [l + 2] <
(T+m 4"+ +0) [ < 3] (55)

LA (54) MK (55), WRSEMLT AEHE 2 (KT
3.2 ESHAMKE

RE3 WU 0<ism0<k<nal HEHER (1) ~(3) WK, (110 <
i <m0 <ks<nl RZESHNA (17) ~(19) W, 4 el = U - uf, WHETEIEH B e, {F
e+ JaBy e[S (P +h),0<i<sm2<k<n,

ER 4 (13) ~(19), A

k-1

-1 1k S1g2 k k-1 <k —h-j |, Tk - k
e; + B, e, — B, de; = me; + 2 dy_je;” + doe; — ooy (Ry) o (56)
=2

13

X (56) SRS RIS 26F AR, nlfe
20 > + 20,8, (e ,e") + 20,8, (8,e",8,") =
k-1
2n<e“‘¢k)4-2§§a§7(2ﬁ,37 +2d5 (e, e") = 20,85 ((R)F,e")

LEARTPEIG LA . 30 (45) DR 20085 ((R,)*.e") < 20,8, | (R o] =

11 NYNCEE AT 1 k2 k2 -1 k*
2 |a,B, EZEH(RZ) N aoBy dy|le" || < 4B, %MRQ) 1> + By [|e" > < 4aB, 2-a)(l -a) X
[(R)MIP + By et > = (4T (1 =a) T*/By) [[(R)F|* + BBy [ [, FUTREBE2 YL,
FHBIE 2, FIPOERAASR, X (49) DIKEE (50) 15 | oF |+ a8y’ |8, > <m (]| +

mﬁfaf*2>+§}mx5H2+wﬁfaﬁH2>+%e°*+mn1—an%ﬁ»<ng%

THUE ]2 + 0" 8,64 < [ + (4T(1 ) T/8,) max |(R)![*.2 <k <n. i
W1 v 2 B, SRR AR B TS X [ o | B, o] = 2 + met ! | <
(Je'lP + (ATC1 = ) T/By) max (R + mle™ | < (1+ m) (o] + (4T(1 -
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o) T'/By) max [(R) )2 +° 2| < (L+m+m’ +o +0') (]2 + (4T (1 =) T/By)

mas (R 3CATA = @) T/Bo) max [(R)! )" o X (R)T < e(r"

2<k<n

)2 <k<n, ZEHIFE,

4 HEEG

AT PRAEE ], LU 45 B B A R B I DU 438k B S -0 B
B D% (w,t) +ulw,t) = 0ulx,t)/0x" +f(x,t) ,x € (0,1),1 € (0,1]; u(x,0) =¢(x),
x[0,1]; w(0,0) =p(t),u(l,0) =y(1),t € (0,1] o HAPAHRIN f(x,1) = e T'(5 +
a)/24 TR BN w(x,) = e X L REBEN E(h,7) =

D) (u(xyyt) = u))® o Holsw(a, ) A wl PHIFRIXFELERL (x,,0,) ALHRSHfR

27

i=0 j=0

MR 7 FonmtERE h FoRas P,
TIHHT2EA =1/20000, a =0.3, 0.5, 0.9 BPREHARFEE R L7 15222 JitE

Ji Il BT, ¢ BRI 3 - « o X SARSCR B T A R —B, K2 4 1Y
7 =1/20000, a =0.3, 0.5, 0.9 WPREHAMFAEAEMAY L2 1222 K23 8] J7 0] b RUsi b,
h B BTET 2 By, X SARSCRY IS A 4R — 2

®1 Hhr=1/20000, «=0.3, 0.5, 0.9 A, £2 Hr=1/20000, «=0.3, 0.5, 0.9 A,

L iREF ¢ ULy L iREF h BT RY
Tab.1 When h=1,20 000, fora=0.3, 0.5, Tab.2 When =120 000, forx=0.3, 0.5,
0.9, the L* error and the convergence rate of t 0.9, the L error and the convergence rate of h

E(h,27) E(2h,7)
o T E(h,7) log, ECh.m) h E(h,r) log, ECh.t)
1/8 8.300 x107* 1/4 0.850 x10~?
/1 -4 2.691 1
/16 1.285 10 69 1/8 0.215 x 10 1.983 411
0.3 1/32 1.910 x 10 ~° 2.747 2 0.3
1/16 . -3 1.980 454
1/64 2.800 x 10 ¢ 2.773 0 0.054 x10
1/128 4.000 x 1077 2.830 3 1/32 0.014 x107* 1. 998 654
1/8 3.200 x 103 1/4 0.807 x10~?
1/16 1.323 x10°° 2.418 5
% 1/8 0.204 x 10 ? 1. 985 396
0.5 1/32 5.343x10°* 2.476 5 0.5
1/16 0.052x10°* 1.982 477
1/64 2.136 x10°* 2.500 9 X
1/128 8.510x10°° 2.5103 1/32 0.013x107° 1.999 060
1/8 2.586 x10 2 1/4 0.682 x10*
1/16 6.675 x107° 1.953 816
% 1/8 0.173 x10°? 1.975 688
0.9 1/32 1.635x10°° 2.029 865 0.9
/16 0.044 x10~? 1. 966 849
1/64 3.900 x 10 ~* 2.065 961 X
17128 9.200 x 10’ 2.083 467 1/32 0.011 107 1.970 591
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5 Z5ig

ASCHRI T —A Caputo B RISE09 R -9 807 BB Tk, EmTA]_E SR 12 %
2L S SR I T 2200 TS R AT UESR , FE T %22 s R T
SN REE R . AL, A SCBUE T SNl 0 (727 + h?) . e, @it A
{ATE T AR SCHBE 7 e S5 BIR 45 S — B0 3R 7 1 R4 BB AR 7T SR A0 43 B
LA (4B R B 2
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