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3.1

clear

p=0;9=4;h=0.00001;n=(g-p)/h;

theta(1)=0.2;0mg(1)=0;
t(1)=0;g=9.8;1=1;

for k=1:1:n
omg(k+1)=omg(k)-(g/1)*theta(k)*h;
theta(k+1l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

end

Ep=(1-cos(theta)).*l.*g;
Ek=0.5.*(omg.*1)."2;



E=Ep+Ek;

hold on

plot(t,Ek,"r")
pIOt(tlEpl'b.)
plot(t.E,"g")

xlabel ("time(s) ")

ylabel (“energy”)
legend("EK", "Ep*","E")
title("Energy Consevation®)
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3.2

clear

p=0;0=50;h=0.04;n=(g-p)/h;
theta(1)=0.2;0omg(1)=0;t(1)=0;
rktheta(1)=0.2;rkomg(1)=0;
g=9.8;1=1;

for k=1:1:n
omg(k+1)=omg(k)-(g/1)*theta(k)*h;
theta(k+l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

end

for k=1:1:n
theta_=rktheta(k)+1/2*rkomg(k)*h;
omg_=rkomg(k)-1/2*(g/ 1) *rktheta(k)*h;
rktheta(k+1)=rktheta(k)+omg_*h;
rkomg(k+1)=rkomg(k)-(g/l1)*theta_*h;
t(k+1)=t(k)+h;

end

hold on

plot(t,theta,"r")

plot(t,rktheta)

xlabel("time(s) ")



ylabel ("theta (radians)")
legend("E-C*","RK23")
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3.3

clear

p=0;g=10;h=[0.04 0.01 0.001 0.0001];
theta(1:4,1)=0.2;0mg(1:4,1)=0;t(1:4,1)=0;
0=9.8;1=1;

for kk=1:1:4

n(kk)=(a-p)/h(kk);

for k=1:1:n(kk)
omg(kk,k+1)=omg(kk,k)-(g/1)*theta(kk,k)*h(kk);
theta(kk, k+1)=theta(kk, k)+omg(kk,k)*h(kk);
t(kk, k+1)=t(kk,k)+h(kk);

end

end

hold on
plot(t(1,1:n(1)),theta(1,1:n(1)),"r")
plot(t(2,1:n(2)),theta(2,1:n(2)),"b")
plot(t(3,1:n(3)),theta(3,1:n(3)),"g")
plot(t(4,1:n(4)),theta(4,1:n(4)), "k")

hold off

xlabel("time(s) ")

ylabel ("theta (radians)®)
legend("t=0.04","t=0.01","t=0.001", "t=0.0001%)
box on
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3.4

clear

disp("when alpha=3, amplitude decreases as periode se prolonger )
p=0;9=40;h=0.01;n=(q-p)/h;

k=1;alpha=3;

x(1,1:5)=[0.2 0.4 0.6 0.8 1];v(1,1:5)=0;t(1,1:5)=0;
for 1i=1:1:5

for kk=1:1:n

v(kk+1,11)=v(kk,i1)-k*x(kk, ii)?alpha*h;
X(Kkk+1,11)=x(kk,1i1)+v(kk+1l,ii)*h;
t(kk+1,ii1)=t(kk,ii)+h;

end

end

hold on

plot(t(l
plot(t(l
plot(t(l
plot(t(l
plot(t(l
hold off

legend("Amp=0.2", "Amp=0.4~,"Amp=0.6~,*Amp=0.8~", "Amp=1~)

box on

when alpha=3, amplitude decreases as periode se prolonger

n,1),x(1:
n,2),x(1:
n,3),x(1:
n,4),x(1:
:n,5),x(1:

n,1),"r-
n,2),"b"
n,3), k"
n,4),"g"
n,5),"c"

v o/ o\
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y=dsolve("D2y+5*y"~1=0", "y(0)=0.02,Dy(0)=0","t");
ezplot(y)
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3.5

clear

p=0;

q=60;
h=0.01;
n=(g-p)/h;



k=1;

alpha=3;

x(1,1:17)=0.2:0.05:1;
v(1,1:17)=0;

t(1,1:17)=0;

for 11=1:1:17

13=1;

for kk=1:1:n
v(kk+1,11)=v(kk,ii)-k*x(kk, ii)?alpha*h;
X(Kk+1,11)=x(kk,1i1)+v(kk+1l,ii)*h;
t(kk+1l,11)=t(kk,ii)+h;

it (gj=—=0&(vkk, 11)>0&v(kk+1l,ii)<0)
T(inD)=t(kk,ii);

13=ii+1;

end

end

end

plot(x(1,1:17),T)

box on;

xlabel ("amplitude®)

ylabel ("period(s) ")
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3.6

clear

a=0;

b=10;

h=0.01;
n=(b-a)/h;
1=1;9=9.8;
qO=sqrt(4*g/1) %q0 BRIl R B
g=[1 q0 10];
theta(1,1:3)=0.2;
omg(1,1:3)=0;



t(1,1:3)=0;

for k=1:1:3

for kk=1:1:n

omg(kk+1, k)=omg(kk,k)-g/I1*theta(kk,k)*h-q(k)*omg(kk,k)*h;
theta(kk+1,k)=theta(kk, k)+omg(kk+1,k)*h;
t(kk+1,k)=t(kk,k)+h;

end

end

hold on

plot(t(1:n,1),theta(1l:n,1),"b");
plot(t(1:n,2),theta(1l:n,2),r");
plot(t(1:n,3),theta(1:n,3), "k");

box on;

hold off

xlabel("time (s)7)

ylabel ("theta (radians)®)

legend("RFESB ", "R FFEE ", "IFEB ")
title("damped pendulum®)
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PREE OMd 1% &
clear
a=0;b=10;h=0.01;n=(b-a)/h;
1=1;9=9.8;
fd=0.2;omgd=[0.5 1.5 2.5 3];
q=1;
theta(1,1:4)=0.2;0mg(1,1:4)=0;t(1,1:4)=0;
for k=1:1:4

for kk=1:1:n



omg(kk+1,k)=omg(kk,k)-g/1*theta(kk,k)*h-
g*omg(kk, k)*h+Fd*sin(omgd(k)*t(kk,k))*h;
theta(kk+1,k)=theta(kk, k)+omg(kk+1,k)*h;
t(kk+1,k)=t(kk,k)+h;

end

end

plot(t,theta)

xlabel("time (s)7)

ylabel ("theta (radians)")

title("damped pendulum®)
legend("OMd=0.5", "OMd=1.5", "OMd=2.5", "OMd=3")

damped pendulum
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clear
a=0;b=10;h=0.01;n=(b-a)/h;
1=1;9=9.8;

Ttd=0.4;0omgd=1;

qO=sqrt(4*g/1);

g=[1 :0.5 :3];

theta(1,1:5)=0.2;

omg(1,1:5)=0;

t(1,1:5)=0;

for k=1:1:5

for kk=1:1:n
omg(kk+1,k)=omg(kk,k)-g/1*theta(kk,k)*h-
q(k)*omg(kk,k)*h+fd*sin(omgd*t(kk,k))*h;
theta(kk+1,k)=theta(kk, k)+omg(kk+1,k)*h;
t(kk+1,k)=t(kk,k)+h;

end

end

plot(t,theta)

xlabel (" time (s)7)

ylabel ("theta (radians)®)



title("damped pendulum®)
legend("g=1","qgq=1.5","q=2","q=2.5","0g=3")
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3.8

clear

a=0;b=10;h=0.01;n=(b-a)/h;
L=[1:4:9];theta(1,1:3)=0.2;0omg(1,1:3)=0;t(1,1:3)=0;
for kk=1:1:3

for k=1:1:n

omg(k+1,kk)=omg(k, kk)-L(kk)*sin(theta(k,kk))*h;
theta(k+1,kk)=theta(k,kk)+omg(k+1,kk)*h;t(k+1,kk)=t(k,Kkk)+h;
end

end

plot(t,theta)

xlabel ("time(s) ")

ylabel ("theta (radians)®)

box on;

legend("L=1","L=5","L=9")
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245 theta

clear

a=0;b=10;h=0.01;n=(b-a)/h;

L=9.8;
theta(1,1:3)=[0.5:1:2.5];0omg(1,1:3)=0;t(1,1:3)=0;
for kk=1:1:3

for k=1:1:n
omg(k+1,kk)=omg(k,kk)-L*sin(theta(k,kk))*h;
theta(k+1,kk)=theta(k,kk)+omg(k+1,kk)*h;
t(k+1,kk)=t(k,kk)+h;

end

end

plot(t,theta)

xlabel("time(s) ")

ylabel ("theta (radians)"®)

box on;
legend("theta=0.5","theta=1.5","theta=2.5%)
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3.9

clear
a=0;b=60;h=0.01;n=(b-a)/h;
1=9.8;9=9.8;0=0.1;
theta(1)=0.5;0mg(1)=0;t(1)=0;
for k=1:1:n
omg(k+1)=omg(k)-1/g*sin(theta(k))*h-g*omg(k)*h;
theta(k+1l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

end

plot(t,theta)

xlabel("time(s) ")

ylabel ("theta (radians)*®)

box on
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3.10

clear

a=0;b=60;h=0.04;n=(b-a)/h;

1=9.8;0=9.8;

fd=[0.1 0.5 0.99];omgd=2/3;

gq=0.5;
theta(1,1:3)=0.2;0omg(1,1:3)=0;t(1,1:3)=0;
for k=1:1:3

for kk=1:1:n
omg(kk+1,k)=omg(kk,k)-g/1*sin(theta(kk,k))*h-
g*omg(kk, k)*h+fd(k)*sin(omgd*t(kk,k))*h;
theta(kk+1, k)=theta(kk, k)+omg(kk+1,Kk)*h;
t(kk+1,k)=t(kk,k)+h;

it theta(kk+1,k)<-pi
theta(kk+1,k)=theta(kk+1,k)+2*pi;

end

ifT theta(kk+1,k)>pi
theta(kk+1,k)=theta(kk+1,k)-2*pi;

end

end

end

subplot(3,1,1)
plot(t(l:n,1),theta(l:n,1))

xlabel ("time(s) ")

ylabel ("theta(radians) ")

title("theta versus time")
subplot(3,1,2)
plot(t(1:n,2),theta(1:n,2))

xlabel ("time(s) ")

ylabel ("theta(radians)")

title("theta versus time")
subplot(3,1,3)
plot(t(1:n,3),theta(l1:n,3))



xlabel("time(s) ")
ylabel ("theta(radians)*)
title("theta versus time")
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3.11

F=0

clea
a=0;b=20;h=0.001;n=(b-a)/h;
1=9.8;9=9.8;

fd=[0 0.5 1.2];omgd=2/3;
q=0.5;

theta(1,1:3)=0.2;0mg(1,1:3)=0;t(1,1:3)=0;
for k=1:1:3

for kk=1:1:n
omg(kk+1,k)=omg(kk,k)-g/I*sin(theta(kk,k))*h-
g*omg(kk, k)*h+fd(k)*sin(omgd*t(kk,k))*h;
theta(kk+1,k)=theta(kk, k)+omg(kk+1,k)*h;
t(kk+1,k)=t(kk,k)+h;

end

end

Ek=0.5*Comg.*1)."2;

Ep=g-*(1-cos(theta));

E=Ep+Ek;

hold on

plot(t(1:n,1),Ek(1:n,1),"b")
plot(t(1:n,1),Ep(1:n,1),"r")
plot(t(1:n,1),E(1:n,1),"k")

hold off

legend("EK", "Ep","E")
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F=0.5

hold on
plot(t(1:n,2),Ek(1:n,2),"b")
plot(t(1:n,2),Ep(1:n,2),"r")
plot(t(1:n,2),E(1:n,2), k")
hold off

legend("Ek", "Ep~","E")

F=1.2
hold on



plot(t(1:n,3),Ek(1:n,3),"b")
plot(t(1:n,3),Ep(1:n,3),"r")
plot(t(1:n,3),E(1:n,3), "k")
hold off

legend("EK", "Ep","E")
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3.12

clear

a=0;b=1000;h=0.01*pi ;n=(b-a)/h;
1=9.8;9=9.8;0=0.5;fd=1.2;0omgd=2/3;
theta(1)=0.2;0omg(1)=0;t(1)=0;

for k=1:1:n
omg(k+1)=omg(k)-1/g*sin(theta(k))*h-g*omg(k)*h+fd*sin(omgd*t(k))*h;
theta(k+l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

if theta(k+1l)>pi
theta(k+1l)=theta(k+1)-2*pi;

end

if theta(k+1l)<-pi
theta(k+1l)=theta(k+1)+2*pi;

end

end
plot(theta,omg, "b. ", "markersize”,2)
xlabel ("\theta")

ylabel ("\omega*®)

axis tight ,box on
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I=Find(abs(rem(t,2*pi/omgd)) > 0.017);
omg(l)=NaN;

theta(l)=NaN;

plot(theta,omg,".k");

axis tight
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I=Find(@bs(rem((t-pi/2),2*pi/omgd)) > 0.017);
omg(1)=NaN;



theta(l)=NaN;
plot(theta,omg, " .-k");

axis tight
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I=Find(abs(rem((t-pi/4),2*pi/omgd)) > 0.017);
omg(l)=NaN;

theta(l)=NaN;

plot(theta,omg, " .k");

axis tight
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3.13

clear

a=0;b=100;h=0.04;n=(b-a)/h;
1=9.8;9=9.8;0=0.5;fd=1.2;0omgd=2/3;
thetal(1)=0.2;0mg1(1)=0;t(1)=0;
theta2(1)=thetal(1)+1le-4;0mg2(1)=0;
for k=1:1:n
omgl(k+1)=omgl(k)-1/g*sin(thetal(k))*h-g*omgl(k)*h+fd*sin(omgd*t(k))*h;
thetal(k+l)=thetal(k)+omgl(k+1)*h;
omg2(k+1)=omg2(k)-1/g*sin(theta2(k))*h-g*omg2(k)*h+fd*sin(omgd*t(k))*h;
theta2(k+1l)=theta2(k)+omg2(k+1)*h;
t(k+1)=t(k)+h;

ifT thetal(k+1l)>pi
thetal(k+1l)=thetal(k+1)-2*pi;

end

it thetal(k+1l)<-pi
thetal(k+1l)=thetal(k+1)+2*pi;

end

it theta2(k+1)>pi
theta2(k+1l)=theta2(k+1)-2*pi;

end

if theta2(k+1l)<-pi
theta2(k+1)=theta2(k+1)+2*pi;

end

end

delta=abs(theta2-thetal);
subplot(211)

hold on

plot(t,thetal,"r");
plot(t,theta2,"b");

hold off

xlabel ("\theta")

ylabel ("\omega“®)

axis tight

subplot(212)

semilogy(t,delta);

axis tight
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kk=1;
logdelta=log(delta)/l1og(10);
for k=2:1:n

if (logdelta(k)>logdelta(k-1))&&(logdelta(k)>logdelta(k+1))
xX(kk)=t(k);
yy(kk)=logdelta(k);

kk=kk+1;

end

end

w=polyfit(xx,yy,1);
xi=0:0.01:100;
yi=polyval(w,xi);

hold on

plot(t,logdelta);
plot(xx,yy, "r.","markersize®,10)
plot(xi,yi, "k--")

box on

axis tight

hold off

lambda=w(1)

lambda =
0.0565



3.14

clear

a=0;b=100;h=0.01;n=(b-a)/h;
1=9.8;0=9.8;0=0.5;fd=1.2;0omgd=2/3;
thetal(1)=0.2;0mg1(1)=0;t(1)=0;
theta2(1)=thetal(1)+1le-4;0mg2(1)=0;
for k=1:1:n
omgl(k+1)=omgl(k)-1/g*sin(thetal(k))*h-g*omgl(k)*h+fd*sin(omgd*t(k))*h;
thetal(k+1l)=thetal(k)+omgl(k+1)*h;
omg2(k+1)=omg2(k)-1/g*sin(theta2(k))*h-
(g+0.001)*omg2 (k) *h+fd*sin(omgd*t(k))*h;
theta2(k+1)=theta2(k)+omg2(k+1)*h;
t(k+1)=t(k)+h;

ifT thetal(k+1l)>pi
thetal(k+1l)=thetal(k+1)-2*pi;

end

it thetal(k+l)<-pi
thetal(k+1l)=thetal(k+1)+2*pi;

end

ifT theta2(k+1l)>pi
theta2(k+1l)=theta2(k+1)-2*pi;

end

if theta2(k+1l)<-pi
theta2(k+1l)=theta2(k+1)+2*pi;

end

end

delta=abs(theta2-thetal);
logdelta=log(delta)/l1og(10);

hold on

plot(t,thetal, "r");
plot(t,theta2,"b");

hold off

xlabel (" theta®)



ylabel ("omg*®)
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kk=1;

for k=2:1:n

if (logdelta(k)>logdelta(k-1))&&(logdelta(k)>logdelta(k+1))
XX (kk)=t(Kk);

yy(kk)=logdelta(k);

kk=kk+1;

end

end
w=polyfit(xx(1:15),yy(1:15),1);
Xxi=0:0.01:100;

yi=polyval(w,xi);

hold on

plot(t,logdelta)

plot(xx,yy, "r.","markersize®,10)
plot(xi,yi, "k--")

hold off

lambda=w(1)

lambda =
0.0439
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3.15

clear

hold on
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.2;
dt=0.06;

g=9.

Clus v u

-0 N U100 0

=1:10000
w(i+1D)=w(i)-g/1*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
ifT theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end
ifT theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
end
subplot(2,3,1)
plot(theta,w)
clear
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.2;
dt=0.04;
g=9.8;
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i=1:10000
w(i+1)=w(i)-g/1*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end
if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
end
subplot(2,3,2)
plot(theta,w)
clear
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.2;

dt=0.02;
g=9.8;

1=9.8;

q=0.5;

F=1.2;
m=0.05;

for 1=1:10000

w(i+1)=w(i)-g/I*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end
if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
end
subplot(2,3,3)
plot(theta,w)
clear
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.25;
dt=0.06;
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=1:10000
w(i+D)=w(i)-g/I*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
ifT theta(i+l)>pi

theta(i+l)=theta(i+1)-2*pi;



end

ifT theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;

end

t(i+1)=t(i)+dt;
end
subplot(2,3,4)
plot(theta,w)
clear
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.3;

dt=0.06;
g=9.8;

1=9.8;

g=0.5;

F=1.2;
m=0.05;

for 1=1:10000

w(i+1)=w(i)-g/I*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+1l)=theta(i)+w(i+1)*dt;
if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end
it theta(i+l)<-pi
theta(i+1l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
end
subplot(2,3,5)
plot(theta,w)
clear
w=zeros(1,10001);
theta=zeros(1,10001);
t=zeros(1,10001);
theta(1)=0.15;
dt=0.06;

- (O

5;
i=1:10000
w(i+1)=w(i)-g/I*sin(theta(i))*dt-g*w(i)*dt+F*sin(2/3*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end
if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
end
subplot(2,3,6)
plot(theta,w)
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clear

a=0;b=50000;h=0.01*pi ;n=(b-a)/h;
1=9.8;0=9.8;0=0.5;fd=1.2;0omgd=2/3;
theta(1)=0.2;0omg(1)=0;t(1)=0;

for k=1:1:n
omg(k+1)=omg(k)-1/g*sin(theta(k))*h-g*omg(k)*h+fd*sin(omgd*t(k))*h;
theta(k+1l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

it theta(k+1l)>pi
theta(k+l)=theta(k+1)-2*pi;

end

ifT theta(k+1l)<-pi
theta(k+l)=theta(k+1)+2*pi;

end

end

kk=1;

for k=1:1:n

it abs(t(k)/3/pi-kk)<le-3
tt(kk)=t(k);

thetal(kk)=theta(k);
omgl(kk)=omg(k);

kk=kk+1;

end

end
plot(thetal,omgl, "b.", "markersize”,b?2)
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clear

a=0;b=5000;h=0.01*pi ;n=(b-a)/h;
1=7;9=9.8;09=0.5;fd=1_2;0mgd=2/3;
theta(1)=0.2;0mg(1)=0;t(1)=0;
for k=1:1:n
omg(k+1)=omg(k)-1/g*sin(theta(k))*h-g*omg(k)*h+fd*sin(omgd*t(k))*h;
theta(k+l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

it theta(k+1l)>pi
theta(k+l)=theta(k+1)-2*pi;

end

it theta(k+l)<-pi
theta(k+1l)=theta(k+1)+2*pi;

end

end

kk=1;

for k=1:1:n

if abs(t(k)/3/pi-kk)<le-3
tt(kk)=t(k);
thetal(kk)=theta(k);
omgl(kk)=omg(k);

kk=kk+1;

end

end

plot(thetal,omgl, "b.","markersize~,2)
box on,axis tight
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clear
w=zeros(1,400001);
theta=zeros(1,400001);
t=zeros(1,400001);
theta(1)=0.2;

dt=0.04;
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for i=1:400000
w(i+1)=w(i)-g/1*sin(theta(i))*dt-g*w(i)*dt+F*sin(W*t(i))*dt;
theta(i+l)=theta(i)+w(i+1)*dt;
it theta(i+1)>pi
theta(i+l)=theta(i+1)-2*pi;
end
it theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end
t(i+1)=t(i)+dt;
if t(i)>=2*n*pi/W && t(i)<=2*n*pi/W+0.04
plot(theta(i),w(i),"b.")
n=n+1;
end
end
axis ([2,3.2,-1.5,-0.3])
box on;
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3.18
clear all
1=9.8;
g9=9.8;

omega(1)=0;
theta(1)=0.2;
t(1)=0;
q=1/2;
Omega=2/3;
dt=0.01;

hold on

box on

4;
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L i=1:2000/dt

omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+l)*dt;
t(i+1)=t(i)+dt;

(o}

it theta(i+1l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

it theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

it t(i)<n*2*pi/Omega+0.01 && t(i1)>n*2*pi/Omega-0.01
plot(theta(i),omega(i), "bo~", "MarkerSize~,6)



n=n+1;
end
end
legend("1.4%)

F=1.44;

n=1;

for 1=1:2000/dt
omega(i+1l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+l)*dt;
t(i+l)=t(i)+dt;

if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

if t(i)<n*2*pi/Omega+0.01 && t(i)>n*2*pi/Omega-0.01
plot(theta(i),omega(i), "g-", "MarkerSize",5)
n=n+1;
end
end
legend("1.44%)

F=1.465;

n=1;

for 1=1:2000/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+1l)*dt;
t(i+1)=t(i)+dt;

if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

if t(i)<n*2*pi/Omega+0.01 && t(i)>n*2*pi/Omega-0.01
plot(theta(i),omega(i), "r.", "MarkerSize",5)
n=n+1;
end
end

ylabel ("\omega(radians/s) ")
xlabel ("\theta(radians) ")
legend("1.465")
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clear

a=0;b=5000;h=0.01*pi ;n=(b-a)/h;
1=9.8;0=9.8;0=0.5;fd=1.4;0omgd=2/3;
theta(1)=0.2;0omg(1)=0;t(1)=0;

for k=1:1:n
omg(k+1)=omg(k)-1/g*sin(theta(k))*h-g*omg(k)*h+fd*sin(omgd*t(k))*h;
theta(k+1l)=theta(k)+omg(k+1)*h;
t(k+1)=t(k)+h;

it theta(k+1l)>pi
theta(k+1l)=theta(k+1)-2*pi;

end

ifT theta(k+l)<-pi
theta(k+l)=theta(k+1)+2*pi;

end

end

kk=1;

for k=1:1:n

it abs(t(k)/0.01/pi-kk)<le-3
tt(kk)=t(k);

thetal(kk)=theta(k);
omgl(kk)=omg(k);

kk=kk+1;

end

end
plot(thetal,omgl, "b.", "markersize”,b?2)
xlabel ("\theta")

ylabel (*\omega*)



3.20
clear
a=0;b=1300*pi ;h=0.01*pi;n=(b-a)/h;
1=9.8;0=9.8;0=0.5;fd=[1.35:0.001:1.5];0omgd=2/3;
p=length(fd);
mm=1;
theta(1,1:p)=0.2;0omg(1,1:p)=0;t(1,1:p)=0;
for k=1:1:n
omg(k+1,1:p)=omg(k,l:p)-1/g*sin(theta(k,l1l:p))*h-
g*omg(k,1:p)*h+fd.*sin(omgd*t(k,1:p))*h;
theta(k+1,1:p)=theta(k,1l:p)+omg(k+1l,1:p)*h;
t(k+l,1:p)=t(k,1l:p)+h;
% theta(theta>pi)=theta(theta>pi)-2*pi;
% theta(theta<-pi)=theta(theta<-pi)+2*pi;
it rem(k,30)==

thetal(mm,1:p)=theta(k,1l:p);

mm=mm+1;
end
end
for 11=1:1:mm-1
for jj=1:1:p
while thetal(ii,jj)<-pi
thetal(ii,jj)=thetal(ii,jj)+2*pi;
end
while thetal(ii,jj)>pi
thetal(ii,jj)=thetal(ii,jj)-2*pi;
end
end
end

plot(fd,thetal(300:400,1:p),"r.", "markersize~ ,4)
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clear all
1=9.8;
g=9.8;
dt=0.01;

omega(1)=0;
theta(1)=0.2;
t(1)=0;
q=1/3;
Omega=2/3;

subplot(3,1,1)

hold on

box on

for F=1.35:0.0005:1.5

n=20;

for 1=1:1000/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+1l)=theta(i)+omega(i+1l)*dt;
t(i+1)=t(i)+dt;

ifT theta(i+1l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

it theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

it t(i)<n*2*pi/Omega+0.02 && t(1)>n*2*pi/Omega-0

.02



plot(F,omega(i), "b.","MarkerSize",4)
n=n+1;
end
end
end

ylabel ("\omega(radians/s) ")
xlabel("F_D")
title("g=1/3")

subplot(3,1,2)

hold on

box on

q=1/2;

Omega=3/5;

for F=1.35:0.0005:1.5

n=20;

for 1=1:1000/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+l)*dt;
t(i+1)=t(i)+dt;

if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

if t(i)<n*2*pi/Omega+0.02 && t(i)>n*2*pi/Omega-0.02
plot(F,omega(i),"b.","MarkerSize~,4)
n=n+1;
end
end
end

ylabel ("\omega(radians/s)*)
xlabel ("F_D")
title("\Omega=3/5")

subplot(3,1,3)

hold on

box on

q=1/2;

Omega=2/3;

for F=1.35:0.0005:1.5

n=20;

for 1=1:1000/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+1l)=theta(i)+omega(i+1l)*dt;
t(i+1)=t(i)+dt;

it theta(i+1l)>pi



theta(i+l)=theta(i+1)-2*pi;

end

if theta(i+l)<-pi

theta(i+l)=theta(i+1)+2*pi;

end

if t(i)<n*2*pi/Omega+0.02 && t(i)>n*2*pi/Omega-0.02
plot(F,omega(i), "b.","MarkerSize~,4)

n=n+1;
end
end
end

ylabel (*\omega(radians/s)")

xlabel ("F_D")
title("Fig 3.11%)
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3.22
u=2.5:0.001:4;
X=ones(250,1501);
X(1,:)=0.6*X(1,:);
tic
for j=1:250
XA+1,2)=u-*XJ,:)-Xd,:)-"2);

end



plot(u,X(150:end,:), " "r.","markersize",2)
toc

title(CHME/ERIEERT)

Elapsed time is 0.037843 seconds.
M ERER

1

mE

0.8

07

0k

0.5

0.4

03

0.2

AR B H BN 4.2/0.9=4.6667
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clear
figure
box on

for mu=1.5:0.1:4

x=0:0.001:1;

y=mu.*x.*(1-x);

Xx(1)=0.2;yy(1)=0;

for k=1:1:100

it rem(k,2)==

xxX(k+1)=yy(k);

yy(k+1)=yy(Kk);

else

XX (k+1)=xx(k);

vy (k+1)=xx(k+1)*mu*(1-xx(k+1));

end

end

plot(x,y)

hold on

plot(x,x)

plot(xx,yy,"r")
xlabel("xn®)
ylabel ("x(n+1) ")
text(0.1,0.9,["\mu=" num2str(mu)])
hold off



end
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clear all
x(1)=0.5;
n(1)=1;

subplot(2,2,1)
hold on
box on
mu=3.2;
for i=1:50
X(I+1)=mu*x(i)*(1-x(1));
n(i+1)=i+1;
plot(n(i),x(i),"bo", "MarkerSize*,4)
end
plot(n,x,"-b")
xlabel("n®)
ylabel ("x")
title("logistic map x vs n,\mu=3.2")

subplot(2,2,2)
hold on
box on
mu=3.5;
for i=1:50
X(I+1)=mu*x(1)*(1-x(i));
n(i+1l)=i+1;
plot(n(i),x(i1), "ko", "MarkerSize" ,4)
end
plot(n,x, "-k")
xlabel("n")
ylabel ("x")



title("logistic map X vs n,\mu=3.5%)

subplot(2,2,3)
hold on
box on
mu=3.55;
for 1=1:50
X(I+1)=mu*x(i)*(1-x(i));
n(i+1)=i+1;
plot(n(i),x(1),"go", "MarkerSize*~ ,4)
end
plot(n,x,"-g")
xlabel("n*®)
ylabel ("x™)
title("logistic map X vs n,\mu=3.55")

subplot(2,2,4)
hold on
box on
mu=3.7;
for i1=1:50
x(1+1)=mu*x(1)*(1-x(1));
n(i+1)=i+1;
plot(n(i),x(i),"ro", "MarkerSize~,4)
end
plot(n,x,"-r")
xlabel("n®)
ylabel ("x")
title("logistic map x vs n,\mu=3.7%)

logistic map x s n,u=3.2 logistic map x vs n,u=3.5
0.9 1
0.8 0000000600 00000000
x 0.7 x
0.6
05 = = 0.2
"0 20 40 60 "0 20 40 60
n n
logistic map x vs n,pu=3.55 logistic map x vs n,u=3.7
0.8}/9/7
x 0.6 x
04 000000000000
0.2
0 20 40 60 60
n n
A
3.24 thFENLFFF
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clear all



x(1)=0.5;
n=8;

subplot(2,1,1)
hold on
box on
b=0;
for a=0:0.1:10
for i=1:20
x(i+1)=mod((@*x(1)*2~(n)+b),2™n)/(2™n);
if mod(i,8)==0
plot(a,x(i), "bo","MarkerSize",4)
end
end
end

xlabel ("\alpha™)
ylabel ("x")
title("\beta=0")

subplot(2,1,2)
hold on
box on
b=1;
for a=0:0.1:10
for 1=1:20
x(i+1)=mod((@a*x(i)*2~(n)+b),2™n)/(2™n);
it mod(i,8)==0
plot(a,x(i),"bo","MarkerSize",4)
end
end
end

xlabel ("\alpha*®)
ylabel ("x")
title("\beta=1")
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clear all
x(1)=0.5;
n=8;
subplot(2,1,1)
hold on
box on
b=0;
for a=0:0.1:10
for 1=1:20
x(1+1)=mod((@a*(x(1)*2~(n)-mod(x(i)*2~(n),1))+b),2™"n)/(2™n);
if mod(i1,8)==
plot(a,x(i),"bo","MarkerSize",4)
end
end
end
xlabel (*\alpha™)
ylabel ("x")
title("\beta=0")
subplot(2,1,2)
hold on
box on
b=1;
for a=0:0.1:10
for 1=1:20

x(i+1)=mod((@*x(i)*2r(n)-mod(x(i)*2~(n),1))+b),2™n)/(2"n);
if mod(i,8)==
plot(a,x(i1),"bo","MarkerSize~,4)
end
end
end



xlabel (*\alpha*)
ylabel ("x")
title("\beta=1")
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clear
xgm=10;b=8/3;
r=1:160;

x(1,1:160)=1;y(1,1:160)=0;z(1,1:160)=0;t(1)=0;

h=0.001;n=50/h;

for k=1:1:n
X(k+1,1:160)=x(k,1:160)+xgm*(y(k,1:160)-x(k,1:160))*h;
y(k+1,1:160)=y(k,1:160)-x(k,1:160).*z(k,1:160)*h+r._.*x(k,1:160)*h-
y(k,1:160)*h;
z(k+1,1:160)=z(k,1:160)+x(k,1:160).*y(k,1:160)*h-b*z(k,1:160)*h;
t(k+1)=t(k)+h;

end

plot(r,z(30000:1000:45000,1:160), "r. ", "markersize”,2)
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clear

xgm=10;b=8/3;r=25;
p=0;9=50;h=0.0001;n=(g-p)/h;
t(1)=0;x(1)=1;y(1)=0;z(1)=0;

for k=1:1:n
x(k+1)=x(K)+xgm*(y (k) -x(k))*h;
y(k+1)=y (K)-x(k)*z(k)*h+r*x(k)*h-y(k)*h;
z(k+D)=z(k)+x(K)*y(k)*h-b*z(k)*h;
t(k+1)=t(k)+h;

end

plot(x,z)

xlabel ("x")

ylabel ("z")
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clear

xgm=10;b=8/3;r=25;
p=0;9=50;h=0.00001;n=(g-p)/h;
t(1)=0;x(1)=0;y(1)=1;z(1)=1;

for k=1:1:n
X(k+1)=x(K)+xgm*(y (k) -x(k))*h;

y(k+1)=y (k) -x(k)*z(k)*h+r*x(k)*h-y(k)*h;
z(k+1)=z (k) +x(k)*y(k)*h-b*z(k)*h;
t(k+1)=t(k)+h;

end
plot(x(abs(y)<le-1),z(abs(y)<le-1),"b.","markersize~,4)
xlabel ("x")

ylabel ("z")
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3.27
clear all
delta=10;
b=8/3;

dt=0.0001;

r=25;
subplot(2,1,1)
hold on

box on

x(1)=1;
y(1)=0;
z(1)=0;

for 1=1:100/dt

x(i+1)=x(i)+delta*(y(i)-x(i))*dt;

15

y(i+1)=y(1)+(-x(i)*z(1)+r=x(i)-y(i))*dt;

z(i+D)=z(D)+x()*y(i)-b*z(i))*dt;
if x(i)>-0.01&&x(i)<0.01

plot(y(i),z(i),"b.", "MarkerSize®,5)

end
end

x1(1)=0;
y1(1)=1;
z1(1)=1;
for 1=1:100/dt

x1(i+1)=x1(i)+delta*(y1(i)-x1(i))*dt;
y1(i+1)=y1(i)+(-x1(i)*z1(i)+r*x1(i)-y1(i))*dt;
z1(i+1)=z1(i)+(x1(i)*y1(i)-b*z1(i))*dt;



ifT x1(i)>-0.01&&x1(i1)<0.01
plot(yl(i),z1(i),"r.","MarkerSize~,5)
end

end

xlabel("y*")
ylabel("z")

subplot(2,1,2)
hold on
box on

for 1=1:100/dt
if y(i)>-0.01&&y(i)<0.01
plot(x(i),z(i),"b.","MarkerSize~,5)
end
end

for 1=1:100/dt
if y1(i)>-0.01&&y1(i)<0.01
plot(x1(i),z1(i),"r.","MarkerSize*,5)
end

end
xlabel ("x™)
ylabel("z")
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3.28
clear

xgm=10;b=8/3;r=24;
p=0;9=50;h=0.001;n=(g-p)/h;
t(1)=0;x(1)=1;y(1)=0;z(1)=0;
xx(1)=1;yy(1)=0;zz(1)=0.001;



for k=1:1:n
X(k+1)=x(K)+xgm*(y (k) -x(K))*h;

y(k+1)=y (K)-x(k)*z (k) *h+r*x(k)*h-y(k)*h;
z(k+1)=z(K)+x(K)*y(k)*h-b*z(k)*h;

XX (k+1)=xx(k)+xgm*(yy (k) -xx(k))*h;

yy (k+1)=yy(K)-xx(k)*zz(k)*h+r*xx(k)*h-yy(k)*h;
zz(k+1)=zz(k)+xx(k)*yy(k)*h-b*zz(k)*h;
t(k+1)=t(k)+h;

end

deltaz=abs(zz-z);
logdeltaz=log(deltaz)/1og(10);
plot(t,logdeltaz)

xlabel ("t")

ylabel ("\delta z%)
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clear

xgm=10;b=8/3;r=22;
p=0;9=50;h=0.001;n=(g-p)/h;
t(1)=0;x(1)=1;y(1)=0;z(1)=0;
xx(1)=1;yy(1)=0;zz(1)=0.001;

for k=1:1:n
x(k+1)=x(K)+xgm*(y (k) -x(k))*h;

y(k+1)=y (k) -x(k)*z(K)*h+r*x(k)*h-y(k)*h;
z(k+1)=z(k)+x(kK)*y(k)*h-b*z(k)*h;

XX (K+1)=xx(k)+xgm* (yy (k) -xx(k))*h;

yy (k+1)=yy(K)-xx(k)*zz(k)*h+r*xx(k)*h-yy(k)*h;
zz(k+1)=zz(k)+xx(kK)*yy(k)*h-b*zz(k)*h;
t(k+1)=t(k)+h;

end

deltaz=abs(zz-z);
logdeltaz=log(deltaz)/1og(10);
plot(t,logdeltaz)



xlabel("t")
ylabel ("\delta z*)
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clear

xgm=10;b=8/3;r=163;
p=0;9=50;h=0.0001;n=(q-p)/h;
t(1)=0;x(1)=1;y(1)=0;z(1)=0;

for k=1:1:n
X(k+1)=x(K)+xgm*(y (k) -x(K))*h;

y(k+1)=y (K)-x(k)*z (k) *h+r*x(k)*h-y(k)*h;
z(k+1)=z (k) +x(k)*y(k)*h-b*z(k)*h;
t(k+1)=t(k)+h;

end

kk=1;

for k=2:1:n-1

it (z(k)>z(k-1))&(z(Kk)>z(k+1))

tt(kk)=t(k);

kk=kk+1;

end

end

for 1i=(kk-1):-1:2
ttGD=tt(in)-tt(ii-1);

end

plot(tt)

ylabel ("\Delta t*)
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clear

xgm=10;b=8/3;r=165;
p=0;9=50;h=0.0001;n=(g-p)/h;
t(1)=0;x(1)=1;y(1)=0;z(1)=0;

for k=1:1:n
X(k+1)=x(k)+xgm*(y (k) -x(K))*h;

y(k+1)=y (K)-x(k)*z (k) *h+r*x(k)*h-y(k)*h;
z(k+1)=z (k) +x(k)*y(k)*h-b*z(k)*h;
t(k+1)=t(k)+h;

end

kk=1;

for k=2:1:n-1

it (z(k)>z(k-1))&(z(Kk)>z(k+1))

tt(kk)=t(k);

kk=kk+1;

end

end

for 1i=(kk-1):-1:2
ttGiD=tt(in)-tt(ii-1);

end

plot(tt)

ylabel ("\Delta t*)

180
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3.31

clear all
x(1)=0.2;
y(1)=0;
vx(1)=0.5;
vy(1)=0.4;
dt=0.01;
hold on
box on

theta=0:pi/20:2*pi;
X=0.2*sin(theta);
Y=0.2*cos(theta);
plot(X,Y,"r-", "LineWidth",4)

for 1=1:100/dt

flagx=1;
flagy=1;
x(i+1)=x(1)+vx(i)*dt;
y(@+1)=y(i)+vy(i)*dt;

if x(i+l)>1
vx(i+1)=-vx(i);
flagx=0;

end

if x(i+l)<-1
vx(i+1)=-vx(i);
Tlagx=0;
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end

if y(i+l)>1
vy(i+1)=-vy(i);
flagy=0;

end

if y(i+l)<-1
vy(i+1)=-vy(i);
flagy=0;
end
if sqre(x(i+D)M2+y(i+1)72)<0.2
cosl=x(i)./sqre(x(i)"2+y(i)"2);
sinl=y(i)./sqrt(x(i)"2+y(i)"2);
vx(i+1)=vx(i)-*sinl.*sinl-vx(i).-*cosl.*cosl-vy(i).*cosl.*sinl-
vy(i).*sinl.*cosl;
vy(i+1)=-vx(i).*sinl.*cosl-vx(i).*cosl.*sinl+vy(i).*cosl.*cosl-
vy(i).*sinl_*sinl;

Tlagx=0;
flagy=0;

end

if flagx==1
vx(i+1)=vx(i);

end

it flagy==1
vy(i+1)=vy(i);

end

plot(x(1),y(i),"b.", "MarkerSize*,3)

end

axis equal

axis([-1,1,-1,1D

xlabel ("x")

ylabel ("y")

title("Square and interior Circular stadium - trajectory”®)
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3.32
clear all
1=9.8;
g=9.8;
dt=0.04;

omega(1)=0;
theta(1)=0.2;
t(1)=0;
q=1/2;
Omega=2/3;

subplot(2,2,1)
hold on
box on

F=0.5;

for 1=1:100/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+1l)=theta(i)+omega(i+1)*dt;

t(i+1)=t(i)+dt;

if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end



end
plot(abs(fft(abs(theta))))
axis([0,100,0,1000])
title("F=0.57)

subplot(2,2,2)
hold on
box on

F=0.95;

for 1=1:100/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+1l)*dt;

t(i+l)=t(i)+dt;

if theta(i+l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

end
plot(abs(fft(abs(theta))))
axis([0,100,0,3000])
title("F=0.95")

subplot(2,2,3)
hold on
box on

F=1.2;

for 1=1:100/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+1l)=theta(i)+omega(i+1)*dt;

t(i+1)=t(i)+dt;

it theta(i+1l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

end
plot(abs(fft(abs(theta))))
axis([0,100,0,3000])
title("F=1.27)

subplot(2,2,4)
hold on



box on

F=1.44;

for 1=1:100/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+1l)*dt;

t(i+1)=t(i)+dt;

it theta(i+1l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

it theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

end
plot(abs(fft(abs(theta))))
axis([0,100,0,3000])
title("F=1.44%)
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clear all



omega(1)=0;
theta(1)=0.2;
t(1)=0;
q=1/2;
Omega=2/3;

hold on
box on

F=1.424;

for 1=1:100/dt
omega(i+l)=omega(i)-g/I*sin(theta(i))*dt-

g*omega(i)*dt+F*sin(Omega*t(i))*dt;
theta(i+l)=theta(i)+omega(i+l)*dt;

t(i+1)=t(i)+dt;

it theta(i+1l)>pi
theta(i+l)=theta(i+1)-2*pi;
end

if theta(i+l)<-pi
theta(i+l)=theta(i+1)+2*pi;
end

end
plot(abs(fft(abs(theta))))
axis([0,100,0,1000])
title("F=1.424%)
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clear all
delta=10;
b=8/3;
x(1)=1;
y(1)=0;
z(1)=0;
dt=0.0001;

subplot(2,2,1)

hold on

box on

r=25;

for 1=1:30/dt

x(i+1)=x(i)+delta*(y(i)-x(i))*dt;
y(i+D)=y(i)+(-x(D)*2(I)+rx(1)-y(i))*dt;
z(i+1)=z(1)+(x(1)*y(i)-b*z(i))>*dt;

end
plot(abs(fft(z)))
axis([0,1000,0,40000])
title("r=25%)

subplot(2,2,2)
hold on
box on
r=160;
for 1=1:30/dt
x(i+1)=x(i)+delta*(y(1)-x(i))*dt;



y(i+1)=y (i )+(-x(1)*z(i)+r*x(i)-y(i))*dt;
2(i+1)=2()+(x(D)*y(D)-b*z(i))*dt;

end
plot(abs(fft(z)))
axis([0,1000,0,80000])
title("r=163")

subplot(2,2,3)

hold on

box on

r=163.8;

for 1=1:30/dt

x(i+1)=x(i)+delta*(y(i)-x(i))*dt;
y(i+1)=y(i)+(-x(1)*z(i)+r*x(1)-y(i))*dt;
z(i+1D)=z(i)+x(1)*y(i)-b*z(i))*dt;

end
plot(abs(fft(z)))
axis([0,1000,0,80000])
title("r=163.8")

subplot(2,2,4)

hold on

box on

r=26;

for i1=1:30/dt

x(i+1)=x(i)+delta*(y(i)-x(i))*dt;
y(@+1)=y(i)+(-x(#)*z(i)+r*x(i)-y(i))*dt;
z(i+1)=z(i)+(x(i)*y(1)-b*z(i))*dt;

end
plot(abs(fft(2)))
axis([0,1000,0,80000])
title("r=26%)
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