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c      1 dimensional heat equation     alfa**2*d^2 u/dx^2 = du/dt

c     solved by forward difference method

c     Lscale is the length of the rod , while tscale=Lscale**2/alfa

c stability imposes the condition   alfa**2*dt/dx**2 < 1/2

c the exact solution to the problem posed below is

c     exp(-pi**2*t)*sin(pi*x)

      dimension ubot(0:1000),utop(0:1000)

      real Lscale , lambda

      f(x)=sin(pi*x)

      Lscale=1.

      pi=2.*asin(1.)

      alfa=1.

      dt =5.e-4

      dx=.1

      nstep=nint(lscale/dx)

      lambda=alfa**2*dt/(dx**2)

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

      print*,'conv factor=',alfa**2*dt/dx**2

      print*,'  '

      ubot(0)=0.

      ubot(nstep)=0.

      utop(0)=0.

      utop(nstep)=0.

c initial conditions

      do 10 i=1,nstep-1

      x=dx*float(i)

      ubot(i)=f(x)

10    continue

      ntime=ifix(.5/dt)

      do 30 j=1,ntime

      t=dt*float(j)

c do 30  is the loop for  time development/ do 20 the loop for the

c      x development for a   fixed time

      do  20 i=1,nstep-1

      utop(i)=lambda*(ubot(i+1)-2.*ubot(i)+ubot(i-1))+ubot(i)

20    continue

      do 40 i=1,nstep-1

      ubot(i)=utop(i)

40    continue

30    continue

      print*,'final time=', t

      do 50 i=0,nstep

      x=dx*float(i)

      print*,'x, u, uex=',x , utop(i) ,exp(-pi**2*t)*sin(pi*x)

      print*,' '

50    continue

      stop

      end

      RUN

       uex(x,t)= exp(-pi**2*t)*sin(pi*x)

       dt,dx,nstep=  0.000500000024  0.100000001 10

        conv factor=  0.0500000007

 final time=  0.499500036

 x, u, uex=  0.  0.  0.

 x, u, uex=  0.100000001  0.00229776115  0.00223340723

 x, u, uex=  0.200000003  0.00437060231  0.004248193

 x, u, uex=  0.300000012  0.00601561787  0.00584713556

 x, u, uex=  0.400000006  0.00707178283  0.00687372033

 x, u, uex=  0.5  0.00743571203  0.00722745713

 x, u, uex=  0.600000024  0.00707178283  0.00687371986

 x, u, uex=  0.699999988  0.00601561787  0.00584713556

 x, u, uex=  0.800000012  0.00437060231  0.00424819207

 x, u, uex=  0.900000036  0.00229776115  0.00223340583

 x, u, uex=  1.  0. -6.31844355E-010

