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Time independent perturbation theory (Part 2) 
Time independent perturbation theory (Part 1) 
Quantum Harmonic Oscillator With a Delta Function Perturbation 
The basic results of time independent perturbation for non degenerate states are summarized by equations I- III.
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Part I of this notes developed the results summarized from I to III.

Part II calculated the energy of the ground state of helium up to second order.

In this  part III of the perturbation notes, we pick up the task of constructing the perturbed wave function to first order.

The wave function for the ground state is

Ψ =  Ψ1s +  ∑ n≠1  cn Ψns                                                      (1)

     =  Ψ0-order +  Ψ1-order  + Ψ2-order  
Where  Ψ0-order= Ψ1s  = (Z3/π)1/2 exp(-Zr)                                         (2)

and Z is a variation parameter. In the calculations the nuclear potential is 

written as   - Znuc / r     and  Znuc =2.     
The coefficients cp are to first order
cp =   ∫ Ψps Φ0 (r) Ψ1s  dτ   /( E1s -Eps )     ,                            (3)    
where

Φ0(r) = ∫ { Ψ1s 2( r ‘) / abs( r – r’)   } dτ’  

         =  (4Z3/r)  { 1/(4Z3) - exp(-2Zr) [ r/(4Z2) + 1/(4Z3)] }                                          

With the following FORTRAN code  c2 and c3 are calculated.

z,znuc=  1.6875  2.

 c2,c3= -0.105373204 -0.0428681187
Ψ1s is plotted in Fig. 1 along with Ψ corrected to first order.

It turns out that , Ψ1s > Ψ  when r <1    and Ψ  > Ψ1s when r>1 .
c helium perturbation theory    may 13 , 2008

c Calculation of coefficients

      data Z,znuc, epsi, nstep/2.,2., 1.e-4,3000/

      data iter/20/

      ezero(n)=(1./float(n)**2)*(z**2/2.-znuc*z)

      pi=2.*asin(1.)

      rf=5.9/z

      n1s=1

      n2s=2

      n3s=3

      call coeff(n1s,n2s,z,znuc,pi,rf,epsi,nstep,c2)

      call coeff(n1s,n3s,z,znuc,pi,rf,epsi,nstep,c3)

      print*,'c2,c3=',c2,c3

      stop

      end

      subroutine  coeff(n1,n2,z,znuc,pi,rf,epsi,nstep,cn)

      ezero(n)=(1./float(n)**2)*(z**2/2.-znuc*z)

      phi(r)=(4.*Z**3/(r+epsi))* (  1./(4.*Z**3) - exp(-2.*Z*r)*

     $ ( r/(4.*Z**2) + 1./(4.*Z**3)) )

      psi1s(r)=sqrt(z**3/pi)*exp(-z*r)

      psi2s(r)=.25*sqrt(z**3/(2.*pi))*(2.-z*r)*exp(-z*r/2.)

      psi3s(r)=(1./81)*sqrt(Z**3/(3.*pi))*(27.-18.*Z*r+2.*(z*r)**2)*

     $exp(-z*r/3.)

      f1s2s(r)=psi2s(r)*psi1s(r)*phi(r)*4.*pi*r**2

      f1s3s(r)=psi3s(r)*psi1s(r)*phi(r)*4.*pi*r**2

      sum=0.

      dr=rf/float(nstep)

      do 10 i=1,nstep

      r=dr*float(i)

      if(n2.eq.2)sum=sum+(dr/2.)* (f1s2s(r) +f1s2s(r-dr))

      if(n2.eq.3)sum=sum+(dr/2.)* (f1s3s(r) +f1s3s(r-dr))

10    continue

      cn=sum/(ezero(n1)-ezero(n2))

      return

      end
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Under construction - may 13, 2008

FORTRAN code for the normalization of Ψ and its plot.
c helium perturbation theory    may 13 , 2008

c plot of perturbed wave function

      data Z,znuc, nstep/1.6875,2.,3000/

      c2= -0.10537320

      c3= -0.042868118

      pi=2.*asin(1.)

      rf=3.

      call anorm(z,znuc,c2,c3,pi,rf,nstep,fnorm)

      call plot(z,znuc,c2,c3,pi,rf,nstep,fnorm)

      stop

      end

      subroutine  anorm(z,znuc,c2,c3,pi,rf,nstep,fnorm)

      psi1s(r)=sqrt(z**3/pi)*exp(-z*r)

      psi2s(r)=.25*sqrt(z**3/(2.*pi))*(2.-z*r)*exp(-z*r/2.)

      psi3s(r)=(1./81)*sqrt(Z**3/(3.*pi))*(27.-18.*Z*r+2.*(z*r)**2)*

     $exp(-z*r/3.)

      f(r)=(psi1s(r)+c2*psi2s(r)+c3*psi3s(r))**2*4.*pi*r**2

      sum=0.

      dr=rf/float(nstep)

      do 10 i=1,nstep

      r=dr*float(i)

      sum=sum+(dr/2.)* (f(r) +f(r-dr))

10    continue

      fnorm=1./sqrt(sum)

      return

      end

      subroutine  plot(z,znuc,c2,c3,pi,rf,nstep,anorm)

      psi1s(r)=sqrt(z**3/pi)*exp(-z*r)

      psi2s(r)=.25*sqrt(z**3/(2.*pi))*(2.-z*r)*exp(-z*r/2.)

      psi3s(r)=(1./81)*sqrt(Z**3/(3.*pi))*(27.-18.*Z*r+2.*(z*r)**2)*

     $exp(-z*r/3.)

      psi1ord(r)=anorm*( psi1s(r)+c2*psi2s(r)+c3*psi3s(r))

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

      dr=rf/float(nstep)

      print 100,0.,psi1s(0.), psi1ord(0.)

      do 10 i=1,nstep,kp

      r=dr*float(i)

      print 100,r,psi1s(r), psi1ord(r)

10    continue

100   format(2x,'r,psi1s,psi1order=',3(4x,e11.4))

      return

      end

