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(b)For 3N red atoms (all indistinguishable):
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= 3NkB ln 35.2 (Simpli�ed model for adsorption on a surface)We �rst de�ne the density of states at one site functions:
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for non-interacting particles ZM,G = ZM
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Therefore:
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2 . The interpretation of this situation is, that therewill be no occupied states, since the temperature is very high, the particles won'tbe adsorbed by a surface. The particles become free since the kinetic energy isbigger then the binding energy.Special case of low temperature β → ∞, the 1 in the denominator can beneglected while the exponentials will become big, since ε1, ε2 < 0:
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Eigenvalues of operator Ĵz: λ1 = −1, λ2 = 0, λ3 = 1:6
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〉

− λE
)

· ~x = 0):
| − 1〉 =





0
0
1





|0〉 =





0
1
0





|1〉 =





1
0
0



(a)hermicity:
ρ̂ = ρ̂†using complexconjugation on the matrix and transposing it leads to:
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while all elements are real and the matrix is symmetric.Before checking positive semi-de�niteness, we calculate the eigenvalues andeigenvectors:
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The eigenvectors form a ONB, therefore every vector can be constructedwith them ~x = a1~x1 + a2~x2 + a3~x3.positive semi-de�niteness:
~xT 〈mj |ρ̂|mi〉 ~x =≥ 08



for all vectors ~x = (x1, x2, x3) 6= ~0. We can prove that:
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2

z
=
〈

Ĵ
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ρ̂Ĵ2

z

)

= Tr




1

4





2 1 1
1 1 0
1 0 1



 .





1 0 0
0 0 0
0 0 1









=
1

4
Tr









2 0 1
1 0 0
1 0 1









=
3

4The variance therefore is:
∆Ĵ
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165.5 (Purity)To show:
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