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The Duffing equation is 

 d2 x/dt2 = (1/m){ -delta*dx/dt  + omega0**2*x -beta*x^3 +

            amp*cos (omega*t)   }

Varoius examples are worked out  starting with zero external force and a friction term delta. 

c Duffing's equation: REF. Intr To Non linear Differential and Integral

c    equations , Harold T. Davis, Dover publications , page 180

c      mass* d^2x/dt^2  = -delta*dx/dt  + omega0**2*x -beta*x^3 +

c     amp*cos (omega*t)   let x~meters , t~ sec   , mass =1.0 kg

c     m d^2x/dt^2= c1*x -c2*x**3 -delta*(dx/dt) + amp *cos(wt)

      data c1,c2,amp/1.,1.,2. /

c k = d2U/dx^2 = -c1+3.*c2*x^2 = 2. , period = 2pi*sqrt(k/m)=2**.5*pi

c theoretical period if inside well

      ay(x0,x1,t1)=-delta*(x1-x0)/dt+ omega0*x1-beta*x1**3+

     $ amp*cos(omega*t1)

      pi=2.*asin(1.)

      omega0=sqrt(c1)

      omega=1.7*omega0

      beta=c2

      x0=2.

      v0=0.

      tscale1=1./omega0

c      tscale2=1./(x0**2*beta)

      tsdelta=3.*tscale1

      tscale4=1./omega

      delta=1./3.

      tscale=amin1(tscale1,tsdelta,tscale4)

      tlarge=amax1(tscale1,tsdelta,tscale4)

      dt=tscale/100.

c      tfinal=1.05*sqrt(2.)*pi

      tfinal=20.

      nstep=int(tfinal/dt)

      kp=int(float(nstep)/100.)

      kount=kp

      x1=v0*dt+x0

c      call plotux(50,-2.,2.)

      print*,'  '

      print*,'nstep,dt=',nstep,dt

      Print*,'tscale1, tscale2, tscale4=', tscale1, tscale2, tscale4

      Print*,'delta,beta,c1,c2=', delta,omega0,beta,c1,c2

      print*,'omega0, omega, amp=', omega0, omega, amp

      print*, '   '

      print 100, 0., x0 ,v0

      do 10 i=2,nstep

      t=dt*float(i)

      x2=2.*x1-x0+dt**2*ay(x0,x1,t-dt)

      v=(x2-x1)/dt

      if(i.eq.kount)then

      print 100,t,x2,v

      kount=kount + kp

      endif

      x0=x1

      x1=x2

10    continue

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

      stop

      end

      subroutine plotux(n,x1,x2)

      U(x)=-.5*x**2+.25*x**4

      dx=(x2-x1)/float(n)

      do  10 i=0,n

      x=x1+dx*float(i)

      print 100, x, u(x)

10    continue

100   format(2x,'x,u=',2(4x,e11.4))

      return

      end

delta,omega0,beta,c1,c2=  0.333333343  1.  1.  1.  1.

No forcing function
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No forcing function
[image: image3.emf]delta=1./3. , E=0, x0=sqrt(2.) , 

v0=0.
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periodic force amplitude =2.N   , omega =1rad/s

 nstep,dt= 2000  0.00999999978

 tscale1, tscale2, tscale4=  1.  1.40129846E-045  1.

 delta,beta,c1,c2=  0.333333343  1.  1.  1.  1.

 omega0, omega, amp=  1.  1.  2.
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**** **************
Example #

nstep,dt= 5999  0.00333333341

 tscale1, tscale2, tsdelta=  1.  1.  0.333333343

 delta,beta,c1,c2=  0.  1.  1.  1.  1.

 omega0, omega, amp=  1.  1.  2.
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x0=1.2   v0=0. delta=1./3. 
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x vs t , delta=0.
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