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The sine-Gordon equation is a partial differential equation in two dimensions. For a function φ of two real variables, x and t, it is
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While the wave equation is

φtt    - φxx =0.

Both equations are solved subject to identical initial conditions     φ (x, t=0) = x*(lscale-x) and the boundary condition    φ (0, t) = φ ( L, t) =0.
FORTRAN CODE

c      One dimensional wave equation     alfa**2*d^2 u/dx^2 = d^2u/dt^2

c  alfa =velocity  ///      solved by forward difference method

c     Lscale is the length of the string , while tscale=L/alfa

c stability imposes the condition   alfa*dt/dx < 1

      dimension u(0:5000,0:5000), ywave(0:5000,0:5000)

      equivalence (alfa,vel)

      real Lscale , lambda

      uxcero(x)=x*(lscale-x)

      dudt(x)=0.

      ampl=1.

      c1=1.

      vel=1.

      Lscale=1.0

      pi=2.*asin(1.)

c  fix dx as a fraction of Lscale then chose dt  .le. dx/vel

      dx=.05*Lscale

      dt =.05*dx/vel

      nstep=nint(lscale/dx)

      lambda=(vel*dt/dx)

      tfinal=1.

      ntime=int(tfinal/dt)

      print*,'dt,dx,nstep,ntime=',dt,dx,nstep,ntime

      do 70 i=0,ntime

      u(0,i)=uxcero(0.)

      u(nstep,i)=uxcero(Lscale)

      ywave(0,i)=uxcero(0.)

      ywave(nstep,i)=uxcero(Lscale)

70    continue

c row zero = uxczero and first row u1=u0+(dudt) delta(t)

      do 10 i=0,nstep

      x=dx*float(i)

      u(i,0)=uxcero(x)

      u(i,1)=dudt(x)*dt+ uxcero(x)

      ywave(i,0)=uxcero(x)

      ywave(i,1)=dudt(x)*dt+ uxcero(x)

10    continue

c the most advanced time step approximation is taken

c u is the solution to the sine -gordon eq.//ywave is standard wave eq.

      do 30 l=1,ntime

      do 30 k=1,nstep-1

      u(k,l+1)=2.*u(k,l)-u(k,l-1) +lambda**2*( u(k+1,l)-2.*u(k,l)+

     $u(k-1,l)) - ampl*(vel*dt)**2*sin(c1*u(k,l))

       ywave(k,l+1)=2.*ywave(k,l)-ywave(k,l-1) +

     $ lambda**2*(ywave(k+1,l)-2.*ywave(k,l)+ ywave(k-1,l))

30    continue

      print*,'final time=',tfinal

      print*,'   '

      do 50 i=0,nstep

      x=dx*float(i)

      if(i.ge.2)then

      d2udx2=(u(i,ntime)-2.*u(i-1,ntime)+u(i-2,ntime))/dx**2

      endif

      print 100,x , u(i,ntime) ,ywave(i,ntime)

50    continue

100   format(2x,'x,u,yw=',3(4x,e11.4))

      stop

      end
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