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Example of isynchronous oscillator.
The potential energy is given by

U(x) = u0*(2.*a**2*x -2./(a**2*x**3))
where we chose U0=2. energy units, a=3.length units , mass =1 unit of mass.

The U(x) plot is
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Example 1.  Energy =5.27   , the period tau=0.523.
[image: image2.emf]x0=0.7,v0=0., E=5.27 ,tau=0.523
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Examle 2. Energy =10.8  , tau 0.523. 
[image: image3.emf]x0=.9, v0=0., E=10.8 , tau=0.523
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The classical angular frequency is 
ωc = (2π)/τ =(2π)/(0.523) = 12.01 rad/(time unit). 
FORTRAN CODE  ‘HOCB’

c HOCB harmonic oscillator with centripetal barrier

c ref M. M. Nieto, Phys Rev D ,23, 922 (1981)

      real mass

      data U0,a,mass/2.,3.,1./

      u(x)=u0*(a*x-1./(a*x))**2

      dudx(x)=u0*(2.*a**2*x -2./(a**2*x**3))

      accel(x)=(1./mass)*(-dudx(x))

c initial conditions v0= 0. x0= ??

c      call plotux(u0,a)

      v0=0.

      x0=.7

      etotal=u(x0)

      tscale1=sqrt(mass/u0)*(1./a)

      tscale2=sqrt(mass/u0)*a*x0**2

      tsmall=amin1(tscale1,tscale2)

      tlarge=amax1(tscale1,tscale2)

      dt=tsmall/200.

      tfinal=.53

      nstep=int(tfinal/dt)

      x1=x0+v0*dt

      kp=int(float(nstep)/70.)

      kount=kp

      print*,'energy=',etotal

      print*,'tsmall,tlarge,dt=', tsmall,tlarge,dt

      print*,' tfinal, nstep =', tfinal,nstep

      print*, '   '

      print 100, 0., x0

      do 10 i=2,nstep

      t=dt*float(i)

      x2=2.*x1-x0+dt**2*accel(x1)

      if(i.eq.kount)then

      print 100 , t,x2

      kount=kount+kp

      endif

      x0=x1

      x1=x2

10    continue

100   format(2x,'t,x=',2(4x,e10.3)   )

      stop

      end

      subroutine plotux(u0,a)

      u(x)=u0*(a*x-1./(a*x))**2

      xi=1./sqrt((a**2*10.))

      xf= sqrt(10./a**2)

      n=40

      dx=(xf-xi)/float(n)

      do 10 i=0,n

      x=xi+dx*float(i)

      print 100, x,u(x)

10    continue

100   format(1x,'x,u(x)=',2(4x,e10.3))

      return

      end

