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Abstract

This paper presents a method of successive approximation for integrating a given ordinary

differential equation

v'=f(z,¥(z)), v(zo)=a0.

The solution curve is approximated by discrete values, each of which is a mean value for
the very small interval. Firstly, numerical integration formulas are derived from a given ini-
tial value ao and two functions predetermined by integrating the function f(z,y) both once
and twice with respect to x with ¥ fixed. Secondly, we estmate the local and accumulated

truncation errors.

This algorithm is easily programmable, which can deal with some nonlinear differential
equations and certain differential equations not approachable by the Runge-Kutta-Gill method,

such as y'=y « log z.
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Fig.1 Numerical approxiations by a sequence
of meam values.
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Fig. 2 A diagram of solution of a differential
equation to show the relations between
exact and numerical solution.
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Table 1 Relative errors in integration y’=y,
y(0)=1, h=2-* (exact solution y(x)=e*)

z | our method 10-¢ } Euler 10-¢ TR.K,G 10-* exact
0.25 | 0.10 19 0.48 | 1.284025417
0.50 | 0.23 39 0.92  |1.648721271
0.75 | 0.30 58 13 2.117000017
1.00 0.40 7 1.8 2.718281823

Table 2 Relative errors in integration y’=z.3?,
(0)=0.2, h=2-¢

exact solution y(z)=(5—---2? B
{ (-2=)")

2
z 1 our method 10-7 | Euler 10-2 %R.K.G 10-9 | exact
0.25 0.53 0.40 0.31 . 0.2012578616
0.50 | 2.4 I o83 0.63 | 0.2051282051
0. 2119205298

0.75 | 6.3 1.3 0.90
1.00‘ 14 ‘ 19 1.2

0.2222222222

i

Table 3 Relative errors in integration
¥’ =5y’ —6y+z*+ e, y(0)=1.75, y’(0)=2.25, h=2-

(exact solution p(x)=e"—e"+%a’(2.z=+6.z+7))

z lour method 10-¢| Euler 10-* |R.K.G 10-7 exact

0.25 | 0.27 —0.30 —0.24 |  2.300401059
0.50 ! -L6 —2.4 -1.0 2.564486094
0.75 20 ~16 —4.9 1. 675734537
1.00 59 36 9.6 ~2.502923967

Table 4 The effect of parameter k on relative
errors in integration y’'=y - log z,y(0)=1
(exact solution y(z)=exp(z + log z—2x)).

z 1h=2-‘, 104 | h=2¢, 10~ | A=21, 107 exact

0.25| -26 ~0.73 —021 0.55070
0.50, —2.7 ~0.76 —0.21 0.42838
0.75 ] —2.7 ~0.77 —-0.21 0. 38063
1.00 § -2.7 -0.77 —0.22 0. 36788

Table 6 The effect of parameter A on relative
errors in integration ¥’'=y/Vz, y(0)=1
(exact solution y(z)=exp(2V'z))

z |h=2—5, 10~ | h=2-%, 10 | h=2-7, 10-3 exact
0.25° —0.89 ~0.60 —0.37 2.718
0.50| —0.88 —0.60 —0.37 4.113
075 J —0.87 ~0.60 —0.37 5.652
Lo0| 0.8 ~0.60 —0.37 7,389
[]
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TH5. CCTL 1B3HIYREETHS. CoLs
K (6) &b

Fi(z,y)=y|sinaz] (35)
Fz(x,y):%{l+2[£7;—r]-—(—1)[%t]cosax} (36)

THY, AHIERLEEERTIERL, H—~LIT



430 " #

WY X LEZRANBLENTEE.
£ X R

1) H. Okamura: Sur l'approximation successive
et l'unicité de la solution de dy/dx= f(x,¥),
Mem. Sci. Kyoto. Imp. Univ, A (14) pp 85~
96 (1931).

. May 1976

2) WA XK: v~—2HD, p 266, EWBIEL,
B (1966)

3) A.C. lNourparsH : OGuKHOBeHHble AHBbepeny-
nanbHbie ypaBHenus, p. 331, HAyka, MockBaA
(1965)

(FEF50 42 8 A 4 HEA)
(FHRI50 £ 11 A 25 AE3EA)




