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Consider the Hamiltonian

H=H,+V(r)

and we wish to solve the Schrodinger Equation:

HU(r) = E¥(r)

Assume a finite linear basis set expansion of 2 states:

O(r) = c1¢)(r) + 2y (1))
where

Hygl(r) = E} ¢ (x)

The best estimate for the energy is
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And the Energy is
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If B9+ Vag — EY — Vi1 > |Vio|, then to 2nd order in |Viy],
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Likewise, the corresponding wave functions for these energies to first

order in |Vio| are,
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If all the V'’s are small compared to the energies, then

and

(a) to first order in V/,
BV = EY + Vi

and
Eél) = Eg + Voo

and the corresponding wave functions are

O (x) =~ ¢1(x)

and
Po(z) = ¢o(x)



(b) and to second order in V,
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with wave functions
Vi

Dy (7) = ¢1(x) + o 0¢2( z)

and

v
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Note these expansions assume that EY # EY.

What if EY = E)? or What if EY ~ EV?



Now Assume a finite linear basis set expansion of with 3 states:

®(r) = c1(r) + c2gy(r) + e3(r)

where
Hog{(r) = E)¢](r)

The best estimate for the energy is
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Expanding the determinant, we have
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To first order in V', need only the first line so that
0~ (E1 + Vi1 — E)(EQ + Voy — E)(Eg + Va3 — E)

and we find
BV ~ B + Vi

and
B ~ B + Vs

and
By ~ B + Vi



To second order in V' one needs the first 4 lines so that
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In general,
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This is known as non-degenerate perturbation theory.



