Perturbation Theory (from Landau & Lifshitz, Vol. 3)

Hamiltonian contains two terms: H = H0+ v,
where I is a small correction (or perturbation) to the unperturbed operator H,,.

The solution of zero-order (unperturbed)
0 — J0),/(0)
Schrodinger equation is known: Hﬂ'»b EO4

We seek the approximate solution
of exact Schrodinger equation HS” = (Hﬁ' V)‘»[’ =Ej, (3)

by expanding the exact wave function in "b _ Ec l,b (0)
the basis of unperturbed wave functions: my' m

This gives after T ¢ (E (0.4 V)';{’ 0 — E c Et,bm(m

substitutionto (3): m

Multiplying both sides by '™ (& __ £ ©\p, - . (6
and integrating we obtain ( E\ ) k ,% VimEm (6)

where the matrix elements of perturbation Vym = f L 0% P, @ dg.



Perturbation Theory (2)

We seek the solution of equation (E_.Ek( ))ck - E Vi€ m (6)
in the form of series:

E = EOL EDLEOL ., ¢ = 04, V4 c,®4 .., (7)

Let us determine the corrections to the nth eigenvalue and eigenfunction,
puttlng accordingly ¢, (® =1, m“’) = Oform % n. To find the first approxi-
mation, we substitute 1n equation ( @ ) E = E, O+ E, M), ¢, = ¢, O+, 1)
and retain only terms of the first order. The equation with k& = n gives

the first-order energy correction E,* =V, = f x,{:ﬂw’*Vu,b,,(“) dg

and the first-order correction to the wave functions is

’ Vﬂlﬂ
P = Vinl(EyO—EO) for k£ n, ¢ = z E,,to)_E,,,(oﬁ/Jm‘“’

Substituting (7) to (6) one obtains the second-order energy correction:
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