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The van der Pol equation is a non linear differential equation.
d2x/dt2 =  -x – ε ( x2 -1) dx/dt
It can describe self-sustaining oscillations in which energy is fed into small oscillations and removed from large oscillations. This equation arises in the study of circuits containing vacuum tubes and in the theory of the laser.
The Fortran code used for these derivations is given below.
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X(0) = 0.1    , v0=0.
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x(0)= 0.1  , v0=0.

Change the sign of epsi , let  ε= -0.2  and compare with the first figure. A damped oscillation is produced.
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 x(0)= 0.1     , v0=0.    
FORTRAN CODE

c Van der pol equation see De Vries page 230. , Computational cPhyiscs

      a(x0,x1)= -x1 -epsi*(x1**2 -1.)*(x1-x0)/dt

      pi=2.*asin(1.)

      epsi= -.2

      tf=50.

c      tscale=amin1(1./epsi,2.*pi,tf)

      nstep=10000

      dt=tf/nstep

c      nstep=int(tf/dt)

      print*,'nstep=',nstep

      kprint=int(float(nstep)/80.)

      kount=kprint

      x0=.1

      v0=0.

      x1=v0*dt+x0

      print  100,0.,x0,v0

      do 10 i=2,nstep

      t=dt*float(i)

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

      v=(x2-x1)/dt

      if(i.eq.kount)then

60    print  100,t,x2 ,v

      kount=kount+kprint

      endif

50    x0=x1

      x1=x2

10    continue

100   format(1x,'t,x,v=',3(3x,e10.3))

      stop

      end

