




Cynthia Jameson
Note
Plot of the solutions for various energies E1 and E2 of theunperturbed states. When the energy difference is large, the approximate solution approaches the exact solution. When the energy difference is small the approximate solution diverges from the true solution.













Cynthia Jameson
Note
The details of obtaining the following formula are shown on the next page.



To find the second order correction to the 
energy, Ei

(2): 
 

When we collected all the terms in λ2, we got 
H (0)Ψi

(2)+hΨi
(1) = Ei

(0)Ψi
(2)+ Ei

(1)Ψi
(1)+ E(2)Ψi

(0)

Let us now make use of what we have found 
about (0) and E(1): 
H (0) Ψi

(2) +hΨ i
(1) = εiΨi

(2) + h i iΨi
(1) + Ei

(2)φi

Let us solve for Ei
(2) by operating on both sides 

with  ∫φ i*dτ: 
∫φi*H (0)Ψi

(2)dτ +  ∫φi*hΨi
(1)dτ = εi∫φi*Ψi

(2)dτ  
     + h i i∫φi*Ψi

(1)dτ + E i
(2) ∫φi*φi dτ 

Ei
(2) =∫φ i*H (0)Ψi

(2)dτ +  ∫φ i*hΨ i
(1)dτ -εi∫φi*Ψi

(2)dτ  
       - h i i∫φi*Ψi

(1)dτ 
Since H (0) is Hermitian,  
∫φ i*H (0)Ψi

(2)dτ = {∫Ψi
(2)*H (0)φi dτ}*  

       = {∫Ψi
(2)*εi φ idτ}*= εi ∫φi* Ψi

(2)dτ 
Collecting terms: 
Ei

(2) = (εi -εi)∫φi* Ψi
(2)dτ + ∫φi*hΨi

(1)dτ  
          - h i i∫φi*Ψi

(1)dτ 
Ei

(2) =  ∫φi*hΨi
(1)dτ - h i i ∫φi*Ψi

(1)dτ 



Let us now make use of our found  Ψi
(1) : 

 
This sum does not include φi therefore, 
∫φi*Ψi

(1)dτ = 0. Therefore, 
Ei

(2)  =  ∫φi*hΨ i
(1)dτ 

We now substitute the above Ψi
(1)  to get Ei

(2): 
 
Ei

(2) = -   ⎡(h1i)(h i1) + (h2i)(h i2) + (h3i)(h i3) +... ⎤ 
         ⎣ (ε1 - εi)       (ε2 - εi)       (ε3 - εi)        ⎦  
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Note
The coordinates of the electron are shown in terms of r, theta and phi.
The coordinates of the ith point charge are also shown as r i, theta l, phi i.


























