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A Simple Numerical Calculation Method for Solving
Neonlinear Ordinary Differential Equations of Order n

Sadao AzumMa and Hideyo NAMERKAWA

Abstract: — In this paper, a simple numerical calculation method 1s
discussed for solving nonlinear ordinary differential equations of order n for
initial value problems.

The new method is compared with Euler’s and Runge-Kutta’s method
which are currently used about their accuracy and computing time required.
A computing time can be reduced without loss of accuracy by choosing a
suitable step size in applying it.

The results clarified that the method is useful for solving transient analysis
problems which may be described by nonlinear differential equations in engine-

ering and the physical sciences.
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Table 1. Comparison of compiling and computing time of
Van der Pol’s equation by three methods.

VAN DER POL’S EQUATION (EULER’S METHOD)
0001 DIMENSION TSEC(501)2X(501)5XD(501)
0002 FUZ5ZD)Y==4 % (Z%Z~1 ¢ IHZD~Z
0003 DELT=0.05
0004 TSEC(1)=0,
0005 K(1)=0.75
0006 XD(1)=0.
0007 N=1
o008 10 XDCN+1) =XDCNI+DELTRF (X (N) o XDIND 3
0009 XONA1) =X(NI+DELTH (XD N+ 2+XDINY 1 /2,
0010 TSEC(N+1)=TSEC(NI+DELT
0011 N=N+1
0012 IF(N.LE.500)GC TG 10
0013 STOP
0014 END
0015

END GF CGMPILER TIME 00CM 068
$HRUN  NAME

END OF RUN TIME OOOM 10S
i)

B

c VAN DER PBL’S EQUATION (PHASE-~PLANE METHGD)
0001 DIMENSIGN TSEC(501)sX(501),XD(501)
0002 F(ZsZD)==4 ¢k (ZKkZ =1 ¢ }%ZD~Z
0003 DELT=0.05
0004 TSEC(1)=0,
0005 X(1)=0.75
0006 XD(1)=0.
0007 AK1=SIN(DELT)
0008 AK2=COGS{(DELT?
0009 =1
0010 10 KINF1I=X(NIEXD (NI FAKT+HF (X(NDI s XD (NI Ik (1 o —AK2)
0011 KD (N+T Y=XDIN)RAK2HF (X(NY » XD (N IkAKT
co12 TSEC(N+1)=TSEC(N)+DELT
0013 N=N-+1
0014 ) IF(N.LE.500)GG T& 10
0015 STOP
0016 END
0017 %
END O6F COMPILER TIME OOOM 06S
#RUN NAME

%ND OF RUN TIME OOOM 13S
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VAN DER POL’S EQUATION (RUNGE- KUTTA METHGD)
DIMENSION TSEC(501)-X(501)»XD(501

AKZ2=DELTHF (X(N)+DELT/2.%XD(N) s XD(NI+AK1/2,.)
AK3=DELT*F (X(N)I+DELT/2 % (XD(NI+AK1/2.) > XD(N)I+AK2/2,)

AKA=DELTHF (X(NIY+DELTH(XD(NI+AK2/2, ) »XD(NI+AK3)
XN+ =X(N)+DELTH (XD (N)+(AKT+AK2+AK3) /6, )
ADIN+1)Y=XDINY+H(AKT+2 X AK2+2 . kAK3+AKAL) /6 o

e
~,

0001
0002 F(Z2ZD)=—4 %k (Z%kZ~1 4 )%ZD-Z
0003 DELT=0.05
0004 TSEC(1)=0.
0005 X(1)=0.75
0006 XD(1)=0,
0007 N=1
0008 10 AKI=DELTHF(X(N),XD(N))
0009
0010
0011
0012
0013
0014 TSEC(N+1)=TSEC(N)+DELT
0015 N=N-+1
0016 IF(N.,LE.500)G0 TO 10
0017 STOP
0018 END
0019 ¢
‘END G6F CGMPILER TIME OOOM 07S
$RUN  NAME
END ©6F RUN TIME OOOM 31S
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.2 Solution of Van der Pol’s equation

(a) time-response curve.
(b) phase-plane trajectory.
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Fig.5 Solution of nonlinear second order differential
equation with a dead time.

(a) time-response curve. (b) phasé-plane trajectory.
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