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Exer ise 12 (4 points): Hellmann-Feynman-Theorem
The Hellmann-Feynman theorem states that the for es on atoms, i.e. the total energy derivative
with respe t to atomi positions, are due to pure lassi al ele trostati s. Thus, all expli it quantum
me hani al terms vanish exa tly, and only the ele trostati intera tion between the nu lei (the external
potential v(r)), and the ele tron density n(r) survives:
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Starting from density-fun tional theory proof that this equation is indeed valid when the ele tron density
n(r) is the fully self onsistent result.
Exer ise 13

(4 points):

Close-pa ked stru tures

a) What is the pa king density a hieved by the b - and f -stru ture, respe tively?
b) Show that a lose-pa ked stru ture with ABC sta king is identi al to the f -stru ture.
Exer ise 14 (4 points): Pointgroup Oh and that of diamond
The full o trahedral group Oh ontains the following symmetry elements: 3C4 , 4C3 , 6C2 , 3σh , 6σd ,
i, 3S4 and 4S6 . Determine the matrix representation for ea h of the following point transformations
ontained in the Oh group:
- Rotations C3 (rotation angle 2π
3 about the ube diagonals, e.g. (1, 1, 1)-axis,
- Rotations C2 (rotation angle π ) about the X , Y , Z axes,
- Ree tions σ in the plane perpendi ular to n = (−1, 1, 0) through the origin,
- Inversion,

a) with respe t to the standard basis of

R3 ;

b) with respe t to the basis ve tors a1 , a2 , a3 of the f -latti e.
) Show that while the inversion i is not a symmetry transformation of the diamond stru ture, C3 ,
C2 and σ are (The pointgroup of diamond is the tetrahedral group Td ).
Note:

Diamond has an f -latti e. The two-atom basis of the rystal is given by a C-atom at position

s1 = (0, 0, 0) and a C-atom at position s2 = a4 (1, 1, 1), with a being the latti e onstant.
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