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a)simple pendulum with decay    
x’’= -c x’ –sin (x)  + Fcos(wt)

where  x’ = dθ/dt ,  x’’= d2 θ/dt2  is a system that can show chaos.

 See Analytical Mechanics : Marion & Thornton.
The folowing code is used , where a finite difference method is employed. 
Initial case is solved for zero external torque i.e. F=0 . In this case theta vs time is plotted fig 1.In fig 2 the phase space motion is plotted.
From Figure 3 to Figure 6 ,we set  F= 0.4 and x0=pi/4 but change the intial speed v0. 
c Chaos in a pendulum  see  eq. 4.41 Marion & Thornton

      dimension x(0:10000) ,v(0:10000)

      a(x1,x0,t1)=-c*(x1-x0)/dt -sin(x1)+F*cos(w*t1)

      pi=2.*asin(1.)

      c=0.05

      w=0.7

      x0=pi/4.

      v0=-.4

      F=.4

      t4=1./w

      dt=.1*t4

      tf=10.*pi

      nstep=10*int(tf/dt)

      x1=v0*dt+x0

      x(0)=x0

      x(1)=x1

      v(0)=v0

      v(1)=v0+dt*a(x1,x0,0.)

      t1=0.

      do 10 i=2,nstep

      t1=dt*float(i-1)

      x2=2.*x1-x0+dt**2*a(x1,x0,t1)

      x(i)=x2

      v(i)=(x2-x1)/dt

      x0=x1

      x1=x2

10    continue

      n2=int(float(nstep)/2.)

      do 20 i=0,n2,4

      t=dt*float(i)

      print 100,t,x(i),v(i)

20    continue

100   format(2x,'t,x,v=',3(4x,e11.4))

      stop

      end
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Figure 1
x0=pi/4.     v0=0.     F=0.

[image: image2.emf]phase diagram
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   Figure 2.                  F=0.4

[image: image3.emf]x0=pi/4  v0=-0.1
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 Figure 3 .       F=0.4

[image: image4.emf]x0= pi/4.   v0=-.2 
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     Figure 4      F=0.4

[image: image5.emf]x0=pi/4 , v0= -0.3
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Figure 5.

[image: image6.emf]x0=pi/4 , v0= -0.4
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Figure 6






















































