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1 Basic Set up

We shall discuss the perturbation theory method for time independent prob-
lems. Given time independent Hamiltonian H, our aim is to compute the
eigenvalues and eigenfunctions, ¢ , of Hamiltonian and the corresponding

eigenvalues W.

Hy =Wy (1)

In the perturbation theory method the starting point is to split the Hamil-

tonian of the system, H, into two parts
H = Hy+ \H'

Here X is a constant.
The splittingH = Hg + AH' must be done in such a way that the eigen-

value problem for Hy
Houn = Enun (2)

can be solved exactly.
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Both Hy and H' will be assumed to be hermitian.
If E,, and u,, denote the eigenvalues and eigenfunctions of Hy. The eigen-
functions u,, of unperturbed Hamiltonian will be orthogonal. We will assume

Uy to be normalized and hence satisfy the orthonormalization condition.

(Up, Up) = Onm (3)

It is further assumed that the additional part AH’ has small in matrix

elements as compared to Hy.

2 An Overview of the Method

The approximate solution is obtained by assuming that the exact eigenvalues
and eigenfunctions have an expansion in powers of A and that it is sufficient
to keep first few terms of the expansion in powers of A.
We shall write
H = Hy+ \H' (4)

where A is introduced for book keeping purposes and at the end of all com-
putations A will be set equal to one.

Further, it will be assumed that, v» and W can be expanded in powers
of A

Y o= o+ M1+ Ny + - (5)
W = Wo+ AW+ AWy 4 - (6)

3 Order by order corrections

Substituting Eq.(@)-([@) in eigevalue equation Hy = W1 and comparing

different powers of A gives

Hopg = Wyt (7)
Hopr + H'g = Wopr + Witk (8)
Hopo + H'p1 = Woha + Winhy + Warg. 9)

These equations are solved recursively for Wy, 11, Wa, 19 etc. Keeping first
few terms in series expansions (8)-(Q) gives the desired approximate solu-

tions.



The terms proportional to A" in Eq.(B)-(6) will be called nt order cor-
rection the eigenvalue and the eigenfunction respectively.
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