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Reference:

1. 1. Differential Equations by Max and Orley E. Brown Morris (1952) ,  page 61.
The differential equation

p2 – (2y/x)p +9 =0                                                                         (1)

where  p=dy/dx   is solved numerically by finite differences.The Fortran code is given.
The finite difference solution is written in the form

yn = yn-1 + ∆x ( xn-1 /(2yn-1 ) ) [( p2)n-1 +    9  ]                        (2)

We pick the particular solution y(0)= 4.5  . From (1) ,one also gets 

pinitial =0.
nstep,dx= 4000  0.000750000007

       x          y            ysol

   0.0000E+00   0.4500E+01   0.4500E+01

   0.6000E-01   0.4502E+01   0.4502E+01

   0.1200E+00   0.4507E+01   0.4507E+01

   0.1800E+00   0.4516E+01   0.4516E+01

   0.2400E+00   0.4529E+01   0.4529E+01

   0.3000E+00   0.4545E+01   0.4545E+01

   0.3600E+00   0.4565E+01   0.4565E+01

   0.4200E+00   0.4588E+01   0.4588E+01

   0.4800E+00   0.4615E+01   0.4615E+01

   0.5400E+00   0.4646E+01   0.4646E+01

   0.6000E+00   0.4680E+01   0.4680E+01

   0.6600E+00   0.4718E+01   0.4718E+01

   0.7200E+00   0.4759E+01   0.4759E+01

   0.7800E+00   0.4804E+01   0.4804E+01

   0.8400E+00   0.4852E+01   0.4853E+01

   0.9000E+00   0.4905E+01   0.4905E+01

   0.9600E+00   0.4960E+01   0.4961E+01

   0.1020E+01   0.5020E+01   0.5020E+01

   0.1080E+01   0.5083E+01   0.5083E+01

   0.1140E+01   0.5149E+01   0.5150E+01

   0.1200E+01   0.5219E+01   0.5220E+01

   0.1260E+01   0.5293E+01   0.5294E+01

   0.1320E+01   0.5371E+01   0.5371E+01

   0.1380E+01   0.5452E+01   0.5452E+01

   0.1440E+01   0.5536E+01   0.5537E+01

   0.1500E+01   0.5624E+01   0.5625E+01

   0.1560E+01   0.5716E+01   0.5717E+01

   0.1620E+01   0.5811E+01   0.5812E+01

   0.1680E+01   0.5910E+01   0.5911E+01

   0.1740E+01   0.6013E+01   0.6014E+01

   0.1800E+01   0.6119E+01   0.6120E+01

   0.1860E+01   0.6229E+01   0.6230E+01

   0.1920E+01   0.6342E+01   0.6343E+01

   0.1980E+01   0.6459E+01   0.6460E+01

   0.2040E+01   0.6580E+01   0.6581E+01

   0.2100E+01   0.6704E+01   0.6705E+01

   0.2160E+01   0.6831E+01   0.6833E+01

   0.2220E+01   0.6963E+01   0.6964E+01

   0.2280E+01   0.7098E+01   0.7099E+01

   0.2340E+01   0.7236E+01   0.7238E+01

   0.2400E+01   0.7378E+01   0.7380E+01

   0.2460E+01   0.7524E+01   0.7526E+01

   0.2520E+01   0.7673E+01   0.7675E+01

   0.2580E+01   0.7826E+01   0.7828E+01

   0.2640E+01   0.7983E+01   0.7985E+01

   0.2700E+01   0.8143E+01   0.8145E+01

   0.2760E+01   0.8307E+01   0.8309E+01

   0.2820E+01   0.8474E+01   0.8476E+01

   0.2880E+01   0.8645E+01   0.8647E+01

   0.2940E+01   0.8820E+01   0.8822E+01

   0.3000E+01   0.8998E+01   0.9000E+01
FORTRAN CODE

c DE of the first order and second degree

c Differential Equations Ref. Morris & Brown Chapter 3

c   p=(x/(2.*y))*(9.+p**2)  where  p=dy/dx ,

c The general solution is y =c*x**2+(9./(4.*c)) and the singular

c solutions are   y= (+ / -) 3.*x

      data c, xi,xf,nstep/.5,0.,3.,4000/

      ysol(x)= c*x**2+(9.0/(4.0*c))

      f(x,y,yprime)=(x/(2.0*y))*(9.0+yprime**2)

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

      y0=ysol(xi)

      yprime=0.0

      kp=int(float(nstep)/50.0)

      kount=kp

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

      print*,'  '

      Print*,'      x          y            ysol '

      print 100,xi,y0,ysol(xi)

      do 10 i=1,nstep

      x=xi+dx*float(i)

      y1=y0+dx*f(x-dx,y0,yprime)

      if(i.eq.kount)then

      print 100,x,y1,ysol(x)

      kount=kount + kp

      endif

c     yprime is set

      yprime=(y1-y0)/dx

      y0=y1

10    continue

100   format(3(2x,e11.4))

      stop

      end

