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 Numerical  solutions to  Schrodinger’s equation
[image: image1.jpg]h* d%y
“om a2z T V(@) = Ey(z),




with the anharmonic potential 
V(x) = 0.5x **2 + 0.25 x**4  

         ≡ (1/2) * k1  x **2 + (1./24.)* k2 x**4  

(k1 = 1 eV / Angstrom2      , k2 = 6 eV/ Angstrom4 )
are obtained.

In the system of units adopted ,energy and  V (x) are given in electron volts  , length ( x) in Angstroms. (1A=1.e-10m)

The scale of mass is m(mass of the electron ) =1. Planck constant h/(2π) = 2.756

More details about the above choice.

h-bar = 1.05E-34  Joule-sec         1Joule= 6.25E18 eV 

Time scale = ( mass-scale/energy-scale)1/2  Length scale

                   = ( 9.1E-31 /1.6E-19 ) 1/2   (1.E-10)

                   = 2.38E-16 sec

1 sec =  4.20E15 tscale.

Substitute  1Joule and 1 sec in Planck constant to get
h-bar= (1.05E-34)(6.25E18)(4.20E15) = 2.76
We find that the ground state energy is 2.04 eV
and the first excited state energy is 6.91  eV.

As a check of the numerical code , the ground state energy of the harmonic potential is obatained and compared with the analytic formula      ε ( n) =  (h-bar) ω ( n +1/2)

                            = 2.76 (k1/m )1/2 (n+1/2)
Hence the ground state energy 

                      ε ( n=0) = 1.38 eV
and                ε ( n=1) = 4.14 eV
Anharmonic Potential
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Compare with
Harmonic Potential Ground state

i.e.   V(x) = 0.5 * x**2   

energy, psi(inf)=    0.1368E+01    0.1211E+00

 energy, psi(inf)=    0.1370E+01    0.1051E+00

 energy, psi(inf)=    0.1373E+01    0.9178E-01

 energy, psi(inf)=    0.1375E+01    0.7403E-01

 energy, psi(inf)=    0.1378E+01    0.5844E-01

 energy, psi(inf)=    0.1380E+01    0.2003E-01

 energy, psi(inf)=    0.1383E+01   -0.3384E-02

 energy, psi(inf)=    0.1385E+01   -0.2487E-01

 energy, psi(inf)=    0.1388E+01   -0.4751E-01

 energy, psi(inf)=    0.1390E+01   -0.6743E-01

 energy, psi(inf)=    0.1393E+01   -0.8767E-01

 energy, psi(inf)=    0.1395E+01   -0.1051E+00

 energy, psi(inf)=    0.1398E+01   -0.1222E+00
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*********************************************************************

FORTRAN CODE
c   Anharmonic Potential   ref computational Phyiscs  Paul L. de Vries

c page 237  energy in ev , length in angstrom  ,m=1 ,hbar=7.60

c     V(x)= (1./2.)*k1*x**2 + (1./24.)*k2*x**4   (k1=1.0 ev/A^2)

      dimension psi(0:5000),psinf(100),energy(50)

      equivalence (dx,h)

      v(x)=.5*x**2  + 0.*.25*x**4

      g(x,i)=(e-v(x))*psi(i)

      hbar=7.60

      e=3.80

      efinal=3.90

      parity=1.

      nstep=2500

      niter=1

      de=(efinal-e)/float(niter)

      do 110 iter=1,niter

      xlim=8.

c      xlim=2.9*sqrt(2.*e)

      dx=xlim/float(nstep)

c initial conditions even functions psi(0)=psi(1) =1.

c odd function psi(0)=0. pis'(0)=1. ; psi(1)=h

      psi(0)=200.

      psi(1)=psi(0)

c      psi(0)=0.

c      psi(1)=h

      do 100 i=2,nstep

      x=dx*float(i)

      psi(i)=-2.*h**2*g(x-dx,i-1)/hbar**2 + 2.*psi(i-1)-psi(i-2)

c      print*,'psi(i)=',psi(i)

100   continue

      energy(iter)=e

      psinf(iter)=psi(nstep)

       e=e + de

110   continue

      do 20 i=1,niter

      print 120 ,energy(i), psinf(i)

20    continue

120   format(3x,' energy, psi(inf)=',2(3x,e10.3))

      kount=int(2*float(nstep)/40.)

c      print*,'     '

      call plot(psi,parity,xlim,dx,nstep,kount)

      stop

      end

      subroutine plot(psi,parity,xlim,dx,nstep,kount)

      dimension psi(0:5000)

      v(x)=.5*x**2  + .25*x**4

      do 10 i=1,nstep,kount

      x=-xlim+dx*float(i)

      print 100 , x ,parity*psi(nstep-i) ,v(x)

10    continue

      print 100,  0. ,psi(0) ,v(0.)

      do 20 i=1,nstep,kount

      x=dx*float(i)

      print 100 , x ,psi(i) ,v(x)

20    continue

100   format(2x,'x,psi,v=', 3(3x,e10.3))

      stop

      end

    energy, psi(inf)=    0.380E+01    0.189E+01

  x,psi,v=   -0.800E+01    0.190E+01    0.105E+04

  x,psi,v=   -0.760E+01    0.373E+01    0.862E+03

  x,psi,v=   -0.720E+01    0.608E+01    0.697E+03

  x,psi,v=   -0.680E+01    0.918E+01    0.557E+03

  x,psi,v=   -0.640E+01    0.133E+02    0.439E+03

  x,psi,v=   -0.600E+01    0.186E+02    0.341E+03

  x,psi,v=   -0.560E+01    0.253E+02    0.261E+03

  x,psi,v=   -0.520E+01    0.337E+02    0.196E+03

  x,psi,v=   -0.480E+01    0.439E+02    0.144E+03

  x,psi,v=   -0.440E+01    0.560E+02    0.103E+03

  x,psi,v=   -0.400E+01    0.699E+02    0.718E+02

  x,psi,v=   -0.360E+01    0.853E+02    0.483E+02

  x,psi,v=   -0.320E+01    0.102E+03    0.312E+02

  x,psi,v=   -0.280E+01    0.120E+03    0.192E+02

  x,psi,v=   -0.240E+01    0.137E+03    0.111E+02

  x,psi,v=   -0.200E+01    0.154E+03    0.597E+01

  x,psi,v=   -0.160E+01    0.169E+03    0.290E+01

  x,psi,v=   -0.120E+01    0.182E+03    0.123E+01

  x,psi,v=   -0.797E+00    0.192E+03    0.418E+00

  x,psi,v=   -0.397E+00    0.198E+03    0.849E-01

  x,psi,v=    0.000E+00    0.200E+03    0.000E+00

  x,psi,v=    0.320E-02    0.200E+03    0.512E-05

  x,psi,v=    0.403E+00    0.198E+03    0.879E-01

  x,psi,v=    0.803E+00    0.192E+03    0.427E+00

  x,psi,v=    0.120E+01    0.182E+03    0.125E+01

  x,psi,v=    0.160E+01    0.169E+03    0.294E+01

  x,psi,v=    0.200E+01    0.154E+03    0.603E+01

  x,psi,v=    0.240E+01    0.137E+03    0.112E+02

  x,psi,v=    0.280E+01    0.119E+03    0.194E+02

  x,psi,v=    0.320E+01    0.102E+03    0.314E+02

  x,psi,v=    0.360E+01    0.851E+02    0.486E+02

  x,psi,v=    0.400E+01    0.696E+02    0.722E+02

  x,psi,v=    0.440E+01    0.558E+02    0.104E+03

  x,psi,v=    0.480E+01    0.438E+02    0.145E+03

  x,psi,v=    0.520E+01    0.336E+02    0.197E+03

  x,psi,v=    0.560E+01    0.252E+02    0.262E+03

  x,psi,v=    0.600E+01    0.185E+02    0.343E+03

  x,psi,v=    0.640E+01    0.132E+02    0.441E+03

  x,psi,v=    0.680E+01    0.912E+01    0.559E+03

  x,psi,v=    0.720E+01    0.604E+01    0.699E+03

  x,psi,v=    0.760E+01    0.370E+01    0.864E+03




















































































































































