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All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All numerical answers should be given to 3 significant figures unless otherwise stated.

Show your work.


Exam1S20
1.  Describe the BCC lattice as a simple cubic lattice with lattice constant, a, plus basis. Give lattice vectors and basis atoms in vector notation. (10)









2.  Find the packing fraction of the FCC lattice. (10)

















3.  Find the packing fraction of a centered rectangular lattice where one side is 3 times the other side. (10)










4.  Find the structure factor of the BCC lattice assuming an SC lattice plus 2 atom basis. Use form factor = f for all atoms. Find the zeros and maxima and the conditions that give them. (20)


















5.  Find the reciprocal lattice and the structure factor of a centered rectangular lattice where one side is 3 times the other side (lattice constants a and 3a). Take the long side as along the x-axis. Take form factors of fA for the atom at the origin and fB for the atom in the center. (20)



















6.  Consider diffraction from a 3D simple cubic lattice. Assume a lattice constant of 2.40 Å and an x-ray beam of wavelength 2.00 Å. Find all the allowed (hkl) planes (only for h,k,l positive) and n values that satisfy the Bragg condition and find the corresponding diffraction angles. (Hint: a table might be helpful). (30) 







































7. For the SCC lattice, sketch the (003), (-100), and (111) planes. Show why these are the correct Miller indices of the planes you sketch. (15)
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8.  Consider a pair of H atoms. Assume the spacing between the atoms is 2.00 Å and the electrons are distributed on spheres of radius 0.75 Å. 
a.  Calculate the (Coulomb) potential energy of the system. (10)










b.  Calculate the potential energy of the system if the electron clouds are  shifted by 0.10 Å in the same direction. (10)















c.  Compare your answer to the approximation we worked out in class (10):













9.  Calculate the cohesive energy of Xe in eV per atom assuming a lattice such that:  

(Hint: do not use the nearest neighbor distance or  given in Table 4, only ) (30)






































10.  Calculate the energy per ion pair (in eV) of KBr assuming it forms a CsCl structure. (Hint: this involves 3 energy terms. You can use the spatial parameters from Table 7). (20)
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