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Problem 1: Spin-Projection-Operators
Consider two particles with spin s1 and s2 ( s1 = s2 = 1

2).

a) What is the effect of the operators P0 = 1
4~

2− s1s2 respectively P1 = 3
4~

2 + s1s2 on an arbitrary
state χ(s1, s2)?

b) Show that P12χ(s1, s2) = χ(s2, s1), where P12 is given by P12 = 1
2~

2 + 2s1s2.

Hint: Express S1 · S2 through S2 = (S1 + S2)2 and use the singlet-triplet representation of the spin
wave function. Note that Si

2 = 3/4 (Why?).

Aufgabe 2: Two-electrons-atom in perturbation theory
In 1-st order perturbation theory, the contribution of the electron-electron interaction in the two-
electrons-atom is given by (cp. eq. 6.29)
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In contrast to the lecture, use the Fourier representation of 1/|r1 − r2| = 1/r12
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to calculate the perturbation term. Through this replacement the integrals over d3r1 and d3r2 will be
de-coupled.

Hint: Use without any proof the following integrals:∫
d3r exp(−αr) exp(ik · r) =
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