Math 466,/666 Initial Value Problem Project
Initial Value Problem Project

Your work should be presented in the form of a typed report using clear
and properly punctuated English. Where appropriate include full program
listings and output.

la. Solve the initial value problem
y =ysinz  where y(0)=1

exactly by multiplying through by the integrating factor

W= exp{/—sinxda:} = COS%

to obtain the equation (uy)’ = 0 and then integrating. Find y(10)
exactly.

b. Write a program that uses Euler’s method to calculate approximate
solutions g for the above system. Use your program to find 3(10) using
step sizes of h = 10/n where n is 16, 32,64, 128, ..., 1048576.

c. Let £ = |y(10) — g(10)|. Graph log E versus log h to verify the order
of convergence for Euler’s method numerically.

d. Use Runge-Kutta methods of order 2, 3 and 4 to calculate . Graph
log £ versus log h to verify the order of convergence for each method.

e. Repeat for the initial value problem
y —ysinzx =1—xsinx where y(0) = 1.

Are the results the same?




/*  ivp.c -- Solve First Order ODE by RK2 Method
    Written Apr 19, 2001 by Eric Olson for Mathematics 483

    For information see Section 4.4 in Numerical Analysis for Applied 
    Mathematics, Science, and Engineering, by Greenspan and Casulli */

#include <stdio.h>
#include <math.h>

double F(double x,double y){
    return y*sin(x);
}

double Y(double x){
    return exp(1.0-cos(x));
}

double RK2(double x0,double y,double xn,int n){
    double h=(xn-x0)/n;
    int i;
    for(i=0;i<n;i++){
        double x=x0+i*h;
        double K0=h*F(x,y);
        double K1=h*F(x+h,y+K0);
        y+=0.5*(K0+K1);
    }
    return y;
}

int main(){
    double Yn=Y(10.0);
    int n;
    printf("#%7s %16s %20s\n","n","yn","err");
    for(n=16;n<=1048576;n*=2){
        double yn=RK2(0.0,1.0,10.0,n);
        double err=fabs(yn-Yn);
        printf("%8ld %16.10lg %20.10le\n",n,yn,err);
    }
}



{   ivp.pas -- Solve First Order ODE by RK2 Method
    Written Apr 19, 2001 by Eric Olson for Mathematics 483

    For information see Section 4.4 in Numerical Analysis for Applied
    Mathematics, Science, and Engineering, by Greenspan and Casulli }

Program main;

function Fc(x,y:real):real;
begin
    Fc:=y*sin(x)
end;

function Yc(x:real):real;
begin
    Yc:=exp(1.0-cos(x))
end;

function RK2(x0,y,xn:real;n:integer):real;
    var h,x,K0,K1:real;
        i:integer;
begin
    h:=(xn-x0)/n;
    for i:=1 to n do begin
        x:=x0+i*h;
        K0:=h*Fc(x,y);
        K1:=h*Fc(x+h,y+K0);
        y:=y+0.5*(K0+K1)
    end;
    RK2:=y
end;

var Ycn,yn,E:real;
    i,n:integer;
begin
    Ycn:=Yc(10.0);
    writeln('#    n    yn    err');
    n:=16;
    for i:=4 to 20 do begin
        yn:=RK2(0.0,1.0,10.0,n);
        E:=abs(yn-Ycn);
        writeln(n,yn,E);
        n:=n*2
    end
end.


