% Aut hor: Nawaf k. Abdul | ah

% This script sinmulates the notion of a sinple harnmonic oscillator

pendul um

% using three different nunerical nethods: Euler, Euler-Cromer, and

Runge
% Kutta. It also conmpares the three nethods.

% Ref erence: Conputational Physics 2nd Edition - Nicholas J.

and
% H sao Nakani sh

%W/ari abl es

dt = 0.04; %Qinput('Enter tine increnent > ');
tf = 10; % nput (' Enter final time > ');

| = 1;%nput (' Enter length > ");

i Theta = 0.2; %nput('Enter intial theta > ");
i Onega 0; % nput (" Enter intial onega > ');

i Energy= 0; % nput (' Enter intial Energy > "');

i Error = 0;

oConst ant s
g = 9.81;

%Ar rays

time=0:dt:tf;

t het a=zeros(3,l ength(tine));
onmega=zeros(3,l ength(tine));
energy=zeros(3,length(tine));
di ff=zeros(3,length(tine));

%ntializing arrays
theta(:, 1) =i Thet a;
onega(:, 1) =i Orega;
energy(:, 1) =i Energy;
diff(:,1)=iError;

%Cal 1 i ng functions

for i=1l:length(time)-1
[theta(1,i+1),onega(l,i+1),energy(l,i

+1)] =Eul er(dt,|,theta(1,i), onega(l,i),energy(1,i),q);

[theta(2,i+1), onega(2,i+1), energy(2,i
+1)] =Eul erCromer (dt,|,theta(2,i), omega(2,i),energy(2,i),9);

[theta(3,i+1),onega(3,i+1),energy(3,i
+1)] =RungeKutta(dt,|,theta(3,i), onega(3,i),energy(3,i),0);
end

%anal ytical solution for conparison
t het aAnal ytical =theta(1,1)*sin(sqrt(g/l)*time+pi/2);

% Conparing nethods theta vs tine
figure(l)

G or dano




plot(tinme, thetaAnalytical)

xl abel (" Time (s)")

yl abel (" Angl e (Rad)")

title(' Eul er Method vs Eul er-Croner vs Runge Kutta')
hol d on

plot(tinme, theta(l,:)
plot(tinme, theta(2,:)
plot(tinme, theta(3,:)
| egend(' Anal ytical',"’
hol d of f
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)
)
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uler',"Euler-Croner',' Runge Kutta')

% Conpari ng nmethods onega vs tine

figure(2)

plot(tinme, omega(l,:))

xl abel (" Time (s)")

yl abel (" Angul ar Velocity (Rad/s)")
title(' Eul er Method vs Eul er-Croner vs Runge Kutta')
hol d on

plot(tinme, omega(2,:))

plot(tinme, omega(3,:))

| egend("' Euler',' Euler-Croner',' Runge Kutta')
hol d of f

% Conpari ng nethods energy vs tine

figure(3)

plot(tine, energy(l,:))

xl abel (" Time (s)")

yl abel (" Energy (J)')

title(' Eul er Method vs Eul er-Croner vs Runge Kutta')
hol d on

plot(tine, energy(2,:))

plot(tine, energy(3,:))

| egend(" Euler', ' Euler-Croner',' Runge Kutta')
hol d of f

%Conpari ng net hods error percentage
figure(4)
diff(l1,:)=theta(l,:)-thetaAnal ytical (1,:);
diff(2,:)=theta(2,:)-thetaAnal ytical (1,:);
diff(3,:)=theta(3,:)-thetaAnal ytical (1,:);
plot(tinme, diff(l,:))

xl abel (" Time (s)")

yl abel (" Error % from Anal yti cal Sol ution")
title(' Eul er Method vs Eul er-Croner vs Runge Kutta')
hol d on

plot(tinme, diff(2,:))

plot(tinme, diff(3,:))

| egend(' Euler', ' Eul er-Cronmer',' Runge Kutta')
hol d of f

% hase plot for all nethods
figure(5)

pl ot (t het aAnal yti cal, onega(l,:))
x|l abel (" Theta (radi ans)")




yl abel (" Orega (radians/s)")
title(' Phase plot for all nethods')
hol d on

plot(theta(l,:), onega(l,:))

plot(theta(2,:), onega(2,:))

plot(theta(3,:), onega(3,:))

| egend( Euler', ' Eul er-Croner',' Runge Kutta')

hol d of f
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