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Reference:
1. Two-dimensional quantum hydrogen atom in circularly polarized microwaves: Global properties PHYSICAL REVIEW A VOLUME 54, NUMBER 1 JULY 1996
 2.  www.colorado.edu/physics/TZD/PageProofs1/TAYL08-248-286.I.pdf
The wave function of the two dimensional hydrogen atom is 
assuming that  Ψ(r,φ) = ψ(r) exp(im φ),
-(1/2) {d2ψ/dr2  + (1/r) dψ/dr   -(m/r)2 ψ } - (1/r) ψ =  E ψ        (1)

The initial conditions are  ψ(0) ~ r m   , (dψ(0)/dr)=-1 if m=0  , while 
(dψ(0)/dr)= rm-1   for  m ≥ 1.
The analytic expression for the energies is 

E = -(1/2) (1/(n*)2) where n* = n+1/2   , n=0,1,2,3..   and m runs from 

-n , -n+1…+,n .

Here we solve  eq (1) numerically (see FORTRAN CODE) and show the wave function for n=0 , n=1 (m=0 in both cases).

Search for eigenvalues  …ground state

Eteo= -2. -0.222222224 -0.0799999982
e,psifin=    -0.2000E+01     0.1418E-01

  e,psifin=    -0.1997E+01     0.1882E-02

  e,psifin=    -0.1995E+01    -0.9791E-02

[image: image2.emf]E(ground state)=-1.997
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First excited state energy

  e,psifin=    -0.2250E+00    -0.5560E+03

  e,psifin=    -0.2238E+00    -0.3421E+03

  e,psifin=    -0.2225E+00    -0.1168E+03

  e,psifin=    -0.2213E+00     0.1274E+03

  e,psifin=    -0.2200E+00     0.3879E+03

First exctited state wave function

[image: image3.emf]E= -.2225 au

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5 6 7 8

r(au)

Psi

Series1


FORTRAN code
c Two dimensional hydrogen atom  Ref Phys. Rev A Vol 54, number 1 ,p.691

c July 1996  E= -(1./2.)(1./nstar**2)   , nstar=n+1/2  ,n=0,1,2..

      real m

      data z,m, nstep,niter/1.,0., 4000,1/

      v(u)=-z/u

      g(u,psi0,psi1) =-(1./u)*(psi1-psi0)/dr+ (m/u)**2*psi1 -2.*(E-v(u))

     $ *psi1

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

      kount=kp

      print*,'Eteo=',-.5/(.5)**2 ,-.5/(1.5)**2,-.5/(2.5)**2

      print*,'    '

      e=-.2225

      ef=-.20

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

      do 10 it=1,niter

c      rf=6.*Z/abs(e)

c for first excited state rf=10.

      rf=10.

      dr=rf/float(nstep)

      psi0=1.

      psiprime=-1.

      psi1=psi0 + dr*psiprime

      if(niter.eq.1)print 200 ,0.,psi0

      do 20 i=2,nstep

      r=dr*float(i)

      psi2=2.*psi1-psi0+dr**2*g(r-dr,psi0,psi1)

      if(i.eq.kount.and.niter.eq.1)then

      print 200 ,r,psi2

      kount=kount+kp

      endif

      psi0=psi1

      psi1=psi2

20    continue

      if(niter.eq.1)print 200 ,r ,psi2

      print 100 , e,psi2

      e=e+de

10    continue

100   format(2x,'e,psifin=',2(4x,e11.4))

200   format(2x,'r,psi=',2(4x,e11.4))

      stop

      end

