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1. Introduction to Quantum Mechanics with Applications to Chemistry (Dover Publications) 
by Linus Pauling, E. Bright Wilson , page 195.
We treat numerically  the Stark effect in a  one dimensional hydrogen atom.( see FORTRAN code below)
Let 

     H Ψ=   -  (1/2) d2 Ψ /dx2
[image: image1.wmf] +V(x) Ψ = ε Ψ       (1)
The potential is   
 V(x) =  -z/abs(x) + f*x       -∞  ≤ x ≤ -dx    , or         +dx ≤  x ≤ +∞
   u= -z/abs(dx) + f*x          when           -dx < x < +dx            (2)
The potential at the origin is not singular but     - Z /∆x .

A profile of the potential would look like the following graph ( not used in the calculations) is given in graph no1.
The boundary conditions on the wave function are

Ψ (x1)= 0.    , dΨ(x1)dx =1.      where x1 is a point chosen on the 

far left hand side such that  ε << V(x1)

Graph no.1


[image: image2]
The unit of electric field is    

 ke/ (bohr radius)**2 = 5.11E11 volts/m                              (3) 

where k =9E9 nm**2/coul**2   , e=1.6e-19 coul  ,

bohr radius= 0.529E-10 m.

A sample  run  with Z=1, F= 2.e-2 , actually a huge electric field.
e,dife,f,psif=  -0.51500E+00   0.15000E-01   0.20000E-01  -0.59501E+02

 e,dife,f,psif=  -0.51400E+00   0.14000E-01   0.20000E-01  -0.51691E+02

 e,dife,f,psif=  -0.51300E+00   0.13000E-01   0.20000E-01  -0.43670E+02

 e,dife,f,psif=  -0.51200E+00   0.12001E-01   0.20000E-01  -0.34972E+02

 e,dife,f,psif=  -0.51100E+00   0.11001E-01   0.20000E-01  -0.27343E+02

 e,dife,f,psif=  -0.51000E+00   0.10001E-01   0.20000E-01  -0.18678E+02

 e,dife,f,psif=  -0.50900E+00   0.90005E-02   0.20000E-01  -0.10767E+02

 e,dife,f,psif=  -0.50800E+00   0.80006E-02   0.20000E-01  -0.19260E+01

 e,dife,f,psif=  -0.50700E+00   0.70006E-02   0.20000E-01   0.64008E+01

 e,dife,f,psif=  -0.50600E+00   0.60006E-02   0.20000E-01   0.14789E+02

 e,dife,f,psif=  -0.50500E+00   0.50006E-02   0.20000E-01   0.23682E+02

 e,dife,f,psif=  -0.50400E+00   0.40006E-02   0.20000E-01   0.32691E+02

 e,dife,f,psif=  -0.50300E+00   0.30006E-02   0.20000E-01   0.41190E+02

 e,dife,f,psif=  -0.50200E+00   0.20006E-02   0.20000E-01   0.50201E+02
The energy eigenvalue is   -0.5080   and the difference with respect to the unperturbed atom  (second column) , dife= -.5 – (-.508) = 8e-3 au    
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c23456 Stark effect in one dimension

cinitial width=0.2//The unit electric field F0=E0= k e/(bohr radius)**2

c  is     = 5.11E11 Volts/meter

      dimension psi(0:10000)

      g(e,x)= e- U(x,dx,Z,f)

      pi=2.*asin(1.)

      f=.02

      nstep=5000

      z=1.

      e1=-.55

      e2=-.45

      iter=100

      e=e1

      deltae=(e2-e1)/float(iter)

      do 40 it=1,iter

      xinit=3.5/e

      xfin=-xinit

      dx=(xfin-xinit)/float(nstep)

c     initial conditions

      psi(0)=0.

      psi(1)=+dx+psi(0)

      do 30 i=2,nstep

      x=xinit+dx*float(i)

      psi(i)=2.*psi(i-1)-psi(i-2) -2.*dx**2*g(e,x-dx)*psi(i-1)

30    continue

      print 110,e,-.5-e,f,psi(nstep)

c      call anorm(pi,dx,psi,nstep,alfac)

c      Print*,'  '

c      call prtpsi(psi,pi,alfa2,nstep,kprint,dx)

c       Print*,'  '

      e=e+deltae

40    continue

110   format(2x,'e,dife,f,psif=',4(2x,e12.5))

      stop

      end

      function U(x,dx,Z,f)

      if(x.le.-dx.or.x.ge.dx)u=-z/abs(x) + f*x

c      if(x.le.dx.and.x.ge.-dx)u=-z/abs(dx) + f*x

      if(x.lt.dx.and.x.gt.-dx)u=-z/abs(dx) + f*x

      return

      end

      subroutine anorm(pi,dx,psi,nstep,alfac)

      dimension psi(0:10000)

      pi=2.*asin(1.)

      sum=0.

      do 10 i=1,nstep

      x=dx*float(i)

      sum=sum+psi(i-1)**2+ psi(i)**2

10    continue

      sum=sum*dx/2.

      cnorm=1./sqrt(sum)

      do 20 i=0,nstep

      psi(i)=psi(i)*cnorm

20    continue

      alfac=(pi*psi(0)**2)**(1./3.)

      print*,'alfacorrected=',alfac

      return

      end

      subroutine prtpsi(psi,pi,alfa2,nstep,kprint,dx)

      dimension psi(0:10000)

      psi2s(x)=sqrt(alfa2**3/(32.*pi))*(2.-alfa2*x)*exp(-alfa2*x/2.)

      do 10 i=0,nstep,kprint

      x=dx*float(i)

      print 100, x, psi(i)**2

10    continue

100   format(2x,'x, psi=',2(3x,e11.4))

      return

      end
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V(x)=-Z/abs(x) + 0.2*x


      deltax =0.1
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