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dy/de= f(t,5), y(0) = yo, (1)
y.f €R"™ s t=t(s).y= y(s),

Wl piry), b 2)
(2)

i=1 i=1

2 n d : 2 s 2 “ .
[g_ﬂ ¥ Z{ﬁ] ] [j_t} = 1+ Zfiz(tp :y) (L = 19 27 "t n). (3)
2 Sl
ds) * -

ST ds ’
ds| ? _ 1 i“fz
a) = 1 ZSiCy)e (4)
(D~ (4.
dx/ds= F(x), x(0)= xo, (5)

x,F E R’Hl,t: Xn+ 1, X = (y, t),fn+l(t;y): 1,96(): (y050)7
i 5 .
Fi(n) = —LCLy)l (i= 1,2, o n+ 1)e

n+ 1 2
/Zlf?u,y)

s, (1) (5) (5) (1)
: (1) ,
Stiff ) (5 , s Runge Kutta
2 Stiff
[4] Van der Pol ,
dyi/de = ya, dys/de= B1- y)ya= yi,  yi(0) = 2 y2(0) = O (6)
H= 500 1= xB P = /€= 250000 z1(1)= yi(x) z2(t) = Hya(x), ,
Z1 22 Y1 ¥2, X 4
dyi/de = y2, edy2/dt = (1= y1)y2— y1,  y1(0) = 2, y2(0) = O (7)
[4] , Runge Kutta (7), 1 .
, (7) (5) , Runge Kutta . s
0.001, ¢ 10 000, 2 .
3 Burgers’
. , Burgers’ * Burgers’
QU/dt+ UDU/OX = 0, (8)
24+ sin(X - 0.5)), 0.5 <X <2.5
U(X.0) = sin( T ) SX S
24, X <05 X 22.5

Burgers’
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72
~-0.5

Sol, of DEABM, 451 steps

RADAUS, 11 steps

irutial value

1.999 6 1.999 8 2.0000 »n
1 [4
Y2
¥2 ~0.666 7
{-0.55
~0.666 9
P — ~0.60 : :
T Lo 1.98 1.99 1,999 2 1.9996 7
1 -o0.6671
1-0.65
- /
(a) (b)
bi)
~0.682F
I
~0.684.
~0.686
T1.96692 * -1.9669% i
(c)
(a) 5000 (b) 1 (¢) 10000
2 , a 001, 10 000
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U= a+ u, X = at+ «x a= 24, (9)
(8)
Ou/0t + udu/0x = 0, (10)
{sin(n(x— 0.5)), 0.5 <x <25
u(x,0) =
0, x 0.5 x 22.5
(109 a (8) ‘
(10) [0,3.0] , n,

dui/dt == wi(wis1— wi-1)/2Ax, (11)
wi(0) = sin(M(3.0i/n—- 0.5)), 0.5 <3.0i/n <25, Sl
‘ 0, 0 <3.0i/n 0.5 2.5<3.0i/n <3.0, o

, ui= u(xi,t), Ax = Xip1— Xy , (11) (5)

, Runge Kutta , 3 . [5] , Flux_Limiter
Slope_Limiter Burgers’ . 3

25.0

24.0 24.0

23.0 23.0 - -
10.0 11.0 12.0
(a) 1= 0.24 (b) 1= 040
3 ( 1) ( 2 [5] ( 3 4)
> l s x ) t,
L 0, 0= O(x’ [)’
do® = dx’+ du’s (12)
(12) ,x O
a_u 2
v= | - |30] do (13)
(10)

Ou, | -, Ox|0u 1 -0 14
Ot u t| 00 ’1—Iau/ao|2_ > (14)

u(0,0) = %(0)*

(14) =1/ J1- (owdd? a= 1- [au/acﬂ% 0,1 ,
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1 a> €,
/- (a> & (15)
/€ (a< €,
U
U 25.01
25.0[
24.0 24.01
23.0 1 . X 23.0 i ) X.
14.0 15.0 16.0 17.0 18.0 19.0 20.0
(a) t= 0.56 (h) t= 07054
4 1), ( 2 [5] ( 3 4)
254U 251 25
24 24} 241
23 - X 23 23
10 12 12 14 16 14 16 18
t=0.407 04 t =0.506 05 1 =0.606 86
25 25} 25¢
24 24t - 4t
23 N . 23 L 23
16 18 20 20 2 22 2
t =0.701 63 t=0.80593 t=0.90129
5
€ . (14) o
du; { Axl} Uit 1 — Ui- | 1
o= it , (16)
de At 2A0 Jl— [(um_ ui—l)/onJ 2
u(G,0)= ?9)
, ui= u(9,t), AO= Gy - G , M= x( 0, 6+ At)- x(0,1),
Ax i/ At . (16) (5) ,
o

Runge Kutta . t s
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(0] X s
B= 1- Au/(Au’+ Ax?), (17)
,Au= u(xil, t)— u(xi, t), Ax , (11) ,
B . BBy B ), 0 ,
. , . 5
) ()
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Arc Length Method for Differential Equations

Wu Jike', W HHui®, Ding Hongli'
(L. Department of Mechanics and EngineeringScience, Peking
University, Beijing 100871, P R China;
2. Department of Mathematics, Hong Kong University of Science and
Technology, HongKong, P R China)

Abstract: A kind arclength method is presented to solve the ordinary differential equations( ODEs)
with certain types of singularity as stiff property or discontinuity on continuum problem. By intro-
ducing one or two arc length parameters as variables, the differential equations with singularity are
transformed into non singularity equations, which can be solved by usual methods. The methodis al-
so appliable for partial differential equations( PDEs), because they may be changed into systems of

ODEs by discretization. Two examples are given to show the accuracy, efficiency and application.

Key words: differential equation, numerical method; arc length method; stiff equation; Burgers’
equation



