Non Linear Boundary Value Problem
by Reinaldo Baretti Machín

www.geocities.com/serienumerica4
www.geocities.com/serienumerica3
www.geocities.com/serienumerica2
www.geocities.com/serienumerica
For questions and suggestions write to: 

reibaretti2004@yahoo.com



Consider the non linear DE
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               (1)
with BC y(0)=0 , y(1) =1 .

The finite difference solution is 

y(xn)  = 2 y(xn-1) – y(xn-2) + (∆x)2 exp ( y(xn-1) )     (2)

or more compactly

yn  = 2 yn-1 – yn-2 + (∆x)2 exp ( yn-1 ) 

The “length scale ” = 1. So one makes ∆x << 1.

The first derivative should of the order of 

        (dy/dx)0         ≈        y(1)- y(0) /1 = 1        . (3)
The following Run shows that when (dy/dx)0 =0.367 we obtain

y(1.) =0.
 Run      (dy/dx)0   y(1.)
dydx,y(1.)=    0.200E+00    0.794E+00

 dydx,y(1.)=    0.207E+00    0.802E+00

 dydx,y(1.)=    0.213E+00    0.810E+00

 dydx,y(1.)=    0.220E+00    0.818E+00

 dydx,y(1.)=    0.227E+00    0.827E+00

 dydx,y(1.)=    0.233E+00    0.835E+00

 dydx,y(1.)=    0.240E+00    0.843E+00

 dydx,y(1.)=    0.247E+00    0.851E+00

 dydx,y(1.)=    0.253E+00    0.860E+00

 dydx,y(1.)=    0.260E+00    0.868E+00

 dydx,y(1.)=    0.267E+00    0.876E+00

 dydx,y(1.)=    0.273E+00    0.885E+00

 dydx,y(1.)=    0.280E+00    0.893E+00

 dydx,y(1.)=    0.287E+00    0.901E+00

 dydx,y(1.)=    0.293E+00    0.910E+00

 dydx,y(1.)=    0.300E+00    0.918E+00

 dydx,y(1.)=    0.307E+00    0.926E+00

 dydx,y(1.)=    0.313E+00    0.935E+00

 dydx,y(1.)=    0.320E+00    0.943E+00

 dydx,y(1.)=    0.327E+00    0.952E+00

 dydx,y(1.)=    0.333E+00    0.960E+00

 dydx,y(1.)=    0.340E+00    0.968E+00

 dydx,y(1.)=    0.347E+00    0.977E+00

 dydx,y(1.)=    0.353E+00    0.985E+00

 dydx,y(1.)=    0.360E+00    0.994E+00

 dydx,y(1.)=    0.367E+00    0.100E+01

 dydx,y(1.)=    0.373E+00    0.101E+01

 dydx,y(1.)=    0.380E+00    0.102E+01

 dydx,y(1.)=    0.387E+00    0.103E+01

 dydx,y(1.)=    0.393E+00    0.104E+01

 dydx,y(1.)=    0.400E+00    0.104E+01
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Figure. Plot of solution of non linear BVP.
Fortran code

cnon linera BVP y''=exp(y) y(0)=0 y(1)=1

      data nstep,dydx0/1000,0.2/

      data niter ,dydxf/30,.4/

      dx=1./float(nstep)

      kp=int(float(nstep)/60.)

      kount=kp

      delta=(dydxf-dydx0)/float(niter)

      dydx=dydx0

      do 20 it=0,niter

      y0=0.

      y1=y0+dx*dydx

      if(niter.eq.1)print 100 ,0.,y0

      do 10 i=1,nstep

      x=dx*float(i)

      y2=2.*y1-y0+dx**2*exp(y1)

      if(niter.eq.1)then

      if(i.eq.kount)then

      print 100 ,x, y2

      kount=kount+kp

      endif

      endif

      y0=y1

      y1=y2

10    continue

      print 110 ,dydx,y2

      dydx=dydx+delta

20    continue

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

110   format(1x,'dydx,y(1.)=',2(3x,e10.3))

      stop

      end

