Physics 3C26 - Solutions to Problem Set 4

March 27, 2006

1. Quick questions [20]

(a) Perturbation theory allows us to compute changes in the eigenvalues and eigenvectors of a
system when the Hamiltonian changes by a small amount. [2]

(b) If the Hamiltonian for the system is H = Hy + \V, where ﬁoqﬁn = E,¢, and H Vv, = Wpi,, then

Yn = Y Ny
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(2]
(c) We use the unperturbed wavefunctions ¢,, to expand the corrections to the wavefunction. [2]
(d) The first order correction to the energy is Wﬁl) =/ qi)j}f/d)n dr. [2]

(e) The first order correction to the wavefunction is

o= A§l5k

E, — E
Ky
where Vi, = [ ¢1V e, dr. [2]
(f) The second order correction to the energy is
@ _ |Vien|
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(2]

(g) Degenerate states need to be treated in a special way because the first order correction to the
wavefunction contains terms that are zero in the denominator. [2]

(h) The first order correction to the energy of degenerate states is given by the eigenvalues of the
matrix V;,, where only the degenerate states are used to build the matrix. [2]

(i) The linear Stark effect for hydrogen is given by degenerate perturbation theory. [2]



(j) The degeneracy in positronium is a result of the energy being independent of the orientation
of the spins. [2]

2. Degenerate perturbation theory [20]

(a) We have
. .. . A A s
Se Sp = 9 (SeJrspf + 5675p+> + SezSpz
1 . . . . . . .
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(4]
(b) For one spin we have
(m|s.lm') = mhdp
<m|‘§+|m/> = hé‘m’,féém,%
(mls_|m') = hd, 10, _1
thus for two spins we get [10]
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Hence
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(c) The top left 2 x 2 block has eigenvalues A given by
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and the energies are Ah?/4 and —3A4h%/4. [6]

3. Non-degenerate perturbation theory [20]



(@) The first order change in energy for state n is
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(b) Show that the matrix element V,,,, = [*_ ), (z

YV () () dz is given by
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(c) The first order correction to the wave function v, is
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