
Perturbation Theory (cont’d)

Insert

En = En
0( ) + λEn

1( ) + λ2 En
2( ) (1)

ψ n = φn
0( ) + λφn

1( ) + λ2φn
2( )

(2)

into

H0 + λV − En( )ψ n = 0 (3)

and separate terms according to powers of λ.

λ0 : H0 − En
0( )( )φn

0( )      3 by assumption (4)

λ1 : H0φn
1( ) + Vφn

0( ) = En
0( )φn

1( ) + En
1( )φn

0( ) (5)

First require φn
(0 ) φn

(1) = 0  (see below) and project with φn
(0 )  on eq. (5). Result is

φn
(0 ) H0 φn

(1) + φn
(0) V φn

(0 ) = En
(0) φn

(0) φn
(1) + En

(1) φn
(0) φn

(0) .

Making use of the requirement φn
(0 ) φn

(1) = 0 and that φn
(0 ) φn

(0 ) =1, we have the

final result

En
(1) = φn

(0 ) V φn
(0)                              (I)

To proceed project with 
  
φl

(0 )  on eq. (5).  Doing that we have

  
φl

(0 ) H0 φn
(1) + φl

(0) V φn
(0 ) = En

(0) φl
(0) φn

(1)      (Recalling that 
  
φl

(0 ) φn
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Now, since the {φn
(0) } for a complete, orthonormal set, we have

  
φn

(1) = Cn,l
l≠n
∑ φl

(0 )  ; 
  
Cn,l = φl

(0) φn
(1) (7)

and so

  
φl

(0 ) H0 φn
(1) = El

(0)Cn,l

and thus from (6), we have

  
El

(0 )Cn,l +Vl,n = En
(0)Cn,l; Vl,n ≡ φl
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(0 )  and thus

  
Cn,l =

Vl,n

En
(0) − El

(0 ) .  Finally then

  
φn

(1) =
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Thus, 
  
ψ n ≈ φn

(0) +
l≠n
∑ Vl,n

En
(0 ) − El

(0) φl
(0 )   and this explains why the term   l = n  is missing

from the summation over   l.

Similar manipulations give  
  
En
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En
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(0 ) III.


