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The purpose of this note is to obtain a third order polynomial fit of the solution of the F-T equation.
We find that it is convenient to employ one fit for 0<x<2 and another for x>2. The fits are obtained using the Microsoft Office Excel software.
The Thomas Fermi equation is 

  d2 y/dx2= (1/x1/2) y3/2                 (1)   

The FORTRAN code given below solves it assuming y(0)=1 and  y(10) ≈ 0.   The initial derivative has to be guessed. It turns out to be   -0.14429922E+01.

The solution is plotted vs x. 

x,y,radprob=     0.000E+00     0.100E+01     0.000E+00

 x,y,radprob=     0.330E+00     0.701E+00     0.303E-01

 x,y,radprob=     0.660E+00     0.536E+00     0.287E-01

 x,y,radprob=     0.990E+00     0.427E+00     0.249E-01

 x,y,radprob=     0.132E+01     0.348E+00     0.212E-01

 x,y,radprob=     0.165E+01     0.290E+00     0.180E-01

 x,y,radprob=     0.198E+01     0.245E+00     0.153E-01

 x,y,radprob=     0.231E+01     0.209E+00     0.131E-01

 x,y,radprob=     0.264E+01     0.181E+00     0.112E-01

 x,y,radprob=     0.297E+01     0.157E+00     0.968E-02

 x,y,radprob=     0.330E+01     0.138E+00     0.838E-02

 x,y,radprob=     0.363E+01     0.122E+00     0.728E-02

 x,y,radprob=     0.396E+01     0.108E+00     0.634E-02

 x,y,radprob=     0.429E+01     0.960E-01     0.554E-02

 x,y,radprob=     0.462E+01     0.856E-01     0.484E-02

 x,y,radprob=     0.495E+01     0.766E-01     0.424E-02

 x,y,radprob=     0.528E+01     0.685E-01     0.371E-02

 x,y,radprob=     0.561E+01     0.614E-01     0.324E-02

 x,y,radprob=     0.594E+01     0.549E-01     0.282E-02

 x,y,radprob=     0.627E+01     0.490E-01     0.244E-02

 x,y,radprob=     0.660E+01     0.436E-01     0.210E-02

 x,y,radprob=     0.693E+01     0.385E-01     0.179E-02

 x,y,radprob=     0.726E+01     0.338E-01     0.150E-02

 x,y,radprob=     0.759E+01     0.293E-01     0.124E-02

 x,y,radprob=     0.792E+01     0.250E-01     0.100E-02

 x,y,radprob=     0.825E+01     0.209E-01     0.781E-03

 x,y,radprob=     0.858E+01     0.169E-01     0.579E-03

 x,y,radprob=     0.891E+01     0.130E-01     0.397E-03

 x,y,radprob=     0.924E+01     0.911E-02     0.237E-03

 x,y,radprob=     0.957E+01     0.527E-02     0.106E-03

 x,y,radprob=     0.990E+01     0.144E-02     0.155E-04

 x,y,radprob=     0.100E+02     0.283E-03     0.135E-05

The two cubic polynomials are,
y(x)=  -.0704x3 +.4184x2 -.9223x  +  .9865       for    x  ≤ 2 
(see graph 2)
 y(x)=  -.0006x3 + .0141x2 -.1245x  +.4185    for    2  ≤  x≤ 10
(see graph 3)
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FORTRAN code

c Thomas -fermi eq (2008)

c the boundary conditions are y(0.)=1., y(10.)=0. , the first derivatve

c has to be guessed

      data x0,xf,nstep,niter /0.,10.,1000,1/

      f(x,y)=(1./sqrt(x))*y**(1.5)

      radprob(x,y)=(2.**1.5*sqrt(.885)/(3.*pi**2))*sqrt(x)*y**(1.5)

      pi=2.*asin(1.)

      dx=(xf-x0)/float(nstep)

      p1= -0.14429922E+01

      p2= -0.14430170E+01

      dprime=(p2-p1)/float(niter)

      dydxi=p1

      do 30 it=1,niter

      y0=1.

      y1=y0+dx*dydxi

      kp=int(float(nstep)/30.)

      kount=kp

      print 200, x0,y0,radprob(x0,y0)

      do 20 i=2,nstep

      x=x0+dx*float(i)

      y2=2.*y1-y0 + dx**2*f(x-dx,y1)

      if(i.eq.kount)then

      print 200, x,y2,radprob(x,y2)

      kount=kount+kp

      endif

      if(y2.lt.0.)then

      print*,'x, dydx,negative y =',x,dydxi,y2

      goto 60

      endif

      y0=y1

      y1=y2

20    continue

      print 200, x,y2,radprob(x,y2)

60    dydxi=dydxi+dprime

30    continue

100   format(2x,'dxdy,x,yf=',e15.8,2x,2(3x,e10.3))

200   format(2x,'x,y,radprob=',3(4x,e10.3))

      stop

      end



































































