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Variation Method
Variation principle

Jo H¢ dr
Jorpar
problem. This is because the wavefunction ¢ can be expanded in the basis set of the eigenfunctions

of the problem, i.e. ¢ = Y axi

> E,, where ¢ is any well-behaved function that satisfies the boundary conditions of the

We can choose the trial wavefunction such that it depends upon some parameters , 8,y ...These
are the variational parameters. Eg (@, B,y ...) = E. Vary them to minimize the value of E.
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Hy (j) is the Hamiltonian operator for a single electron around a He nucleus
Hy (00u (17,05, ;) = B (17,65, 65 )¥u (75,65, 6;)  j =1and 2
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Using Z = 2, GS energy = 8E; = 4 = 4 Hartree = 108.8 eV

Experimental value is —2.9033 Hartree. Horrible!!
Ignoring the interelectronic repulsion term, the Hamiltonian is separable and the GS wavefunction is
$o(r1,12) = P(r)P(ry)
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Now use Z as a variational parameter. Evaluate,
E(Z) = f¢o(r1:7’2)ﬁ¢o(r1rrz) dridr,

To get,
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Minimize E w.r.t. Z,
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Emin = — (E) = —2.8477 Hartree

Most accurate calculation —2.9037 Hartree

Perturbation Method
Perturbation theory

H is the Hamiltonian of the problem at hand, Hy = Ei. Find H® — a fully solvable Hamiltonian
that is very close to the problem at hand, i.e.

A=A94+[0

Here, AW is a small deviation, a disturbance or a perturbation to the fully solvable problem whose
Hamiltonian is H(©.

So,
Ay = g0)(0)
is something we can solve exactly.

Let the solution of the Schrodinger equation Hy = E be written as
0 1 2
W, = ( ) 1/)( ) l/)( )
E,=E® +EP +EP +

Then,
B = [ Oy ar

gives the first order correction to energy.

First order correction to the wavefunction,
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Example: Anharmonic Oscillator
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E® = (v + E) hv v=01.2,..

1 1
HDO = Zyx3 + —pxt
6yx +24 X

ED = foolp(o)(x)*ﬁ(l)lp(o)(x) dx
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