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Numerical Solution of Differential Equations
by Using Variable Pitch Method

Noboru Tomita
Hiroaki Ishida
Katsuya Matsumoto

We devised variable pitch method in order to economise the time required to solve numerically the
differential equations by the digital computer without making the sacrifice of accuracy.

The differential equations are solved numerically often by reducing difference equations. The various kinds
of these methods developed so far were constant pitch methods. Euler’s method and Runge-Kutta method are
also constant pitch methods, and the orders of the error produced at every one pitch using by these methods

change variously.

On the variable pitch method, the magnitude of the pitch is determined at every one pitch so that the
error may not over the range previously determined. In place of the true error which may not be known,
we use the difference between two resultant values which are calculated by different way each other.
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Problem NO. 6-605 F

begin comment variable pitch method. ;

integer n ; Readinteger(n) ;

begin integer I, J, i, j, m, p, pp ;

real dx, 1, a, d6, fc, dxll, dxul ;

array Y, YS, F[0:n), FC(1:3), DY[0:n, 1:4)],
EY, DDY, EYDX[1:n] ;

procedure FF(Y) ; array Y ; F(1):=a-a*Y[1] ;

procedure TL ; begin CRLF(2) ; Space(21) ;
Printstring(*X”) ; Space(19) ;

Printstring(‘EXP (CAL)’) ; Space(16) ; Printstring
(‘EXP (ANA)’) ; Space(16) ;

Printstring(‘EXP (DIF)’) ; CRLF(2) end ;

procedure PR ; begin real ex ; Space (16) ; Printreal
(YS(0), 7) ; Printfix(YS(1], 10, 9) ;

ex = 1.0-exp(-a*YS[0)) ; Printfix(ex, 13, 9) ;
Printfix(YS(1]-ex, 13, 9) ; CRLF end ;
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procedure DT ; begin CRLF(2) ; Space(10) ;
Printstring (‘A =) ; Printfix (a, 4, 2) ; Space(7) ;

Printstring(‘L =’) ; Printfix( 1, 3, 4) ; Space(6) ;
Printstring(‘DX =) ; Printfix(dx, 3, 6) ;

Space(4) ; Printstring(‘XS =) ; Printfix(YS([0],
3, 5) ; Space(3) ; Printstring(‘YS =");

Printfix(YS[{1], 3, 5) ; CRLF(2) ; Space(10) ;
Printstring(‘PP =) ; Printinteger(pp) ;

ASW(1, BA) ; Space(10) ; Printstring(‘FC = ) ;
Printreal(fc, 4) ; Space(4) ;

Printstring(‘EY =") ; Printreal(EY (1), 4) ;
Space(4) ; Printstring(‘DXUL= ") ;

Printreal(dxul, 4) ; Printstring(* DXLL= ") ;
Printreal(dxll, 4) ; BA :end;

procedure ST ; begin LFEED ; CRLF(3) ; Space(20)
; ASW (1, BC) ; Printstring (‘“VARIABLE") ; go
to BD ; BC : Printstring ‘{CONSTANT’) ; BD :
Printstring(* PITCH METHOD. (* ) ;

ASW(2,BE) ; Printstring (RUNGE-KUTTA)") ; go
to BF ; BE : Printstring (‘FUNDAMENTALY)’) ;

BF : Space(10) ; Printstring (‘(EXPONENTIAL
CURVEY’) ; Space(21) ; Printstring(‘PAGE’) ;

Printinteger(p) end ;

comment end of declaration ;

Readreal(a) ; Readreal (1) ; Readreal(dx) ; Readarray
(YS) ; Readinteger(pp) ;

ASW (1,BB) ; Readreal(fc) ; Readarray(EY) ;
Readreal (dxul) ; Readreal(dxll) ; BB :

j=m:=0 ; FC[1):=FC[2):=0.5 ; F(0}:=FC(3):=1.0;
p:=1; d6:=1.0/6.0 ;

ST ;DT ; TL ; dxul:=0.5%dxul ; dxll:=dxl{l+dxll ;

ASW(1,BG) ; for J:=1 step 1 until ndo EYDX[]J]
=fc¥EY (J)*dx/l ; BG : PR ; ’

if YS[0) >=1 then go to BH; j=j+1; m:=0;

if j >=50 then begin p:=p+1; LFEED ; CRLEF(3)
; Space(108) ; Printstring(‘PAGE’) ;

Printinteger(p) ; CRLF(4) ; TL ; ;:=0 end ;

BI: FF(YS);

ASW(2,BK) ; for I :=1, 2, 3 do begin for J := 0
step 1 until n do

begin DY(J,I] =dx*F (J]; Y{J] := FC(I)*DY(J,1]
+YS(J) end ; FF(Y) end ;

for J := 0 step 1 until n do DY[J,4] = dx*F[]];

ASW(1,BM) ; if 1 = 1 then begin 1 := 0; go to
BL end ;

for J := 1 step 1 until n do begin ASW(3,BN) ;

DDY (J] := abs(DY({J,13-DY{],4}) ;

go to BP ; BN : DDY(J) := abs (DY[J,2)-DY(J,3)) ;
BP :end ; BM : go to BQ ; BK:

for J := 0 step 1 until n do begin DY(],1] :=
dxkF(I] 5 YOI = DY(J,1)+YS(JJ end 5 FR(Y) ;

for J := 0 step 1 until n do DY([J,2] = dx*F(]) ;

ASW(1,BQ) ;if i = 1 then begin i := 0;go to BL
end ;

for J := 1 step 1 until n do DDY(J] := abs(DY
(J,1)-DY[]1,2]) ; BQ : ASW(1,BL) ;

for J := 1 step 1 until n do if DDY[J] >=4.0%
EYDX(J] then go to BR;BL:

YS(0) := YS[0)+dx ; m := m+1; ASW(2,BS) ;
for J := 1 step 1 until n do

YS(J) = Y3(J)+(DY[J,1)+DY[J 4] +2.0%(DY
(J,2)+DY(J,3)))*d6 ; go to BT ; BS:

for J := 1 step 1 until n do Y3(J) := YS(JJ+(DY
(J,134+DY[],2])%0.5 ; BT : ASW(1,BU) ;

for J := 1 step 1 until n do if DDY(J} >=EYDX
{J] then go to BR;

for J := 1 step 1 until n do if 2.0#DDY(J) >=
EYDX(J] then go to BU ;

if dx < = dxul then dx := dx+dx;go to BU; BR
:if dx>= dxll then dx = 0.5%dx else i := 1

BU : if m < pp then go to Bl;m := 0;go to BG
; BH : Space(100) ; Printstring (‘END’) ;

CRLF end end
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