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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.


Exam1S21
1.  A typical single crystal for experimental investigations is 1.00 cm x 1.00 cm x 2.00 mm. Assume the sample is tungsten (W). How many atoms are contained in that sample? (10)


















2.  You want to probe a crystal with lattice spacing of 3.00 Å using a beam of  He nucleii. Find:
a. The energy of the He nucleus in eV. (10)


















b.  The speed of the He nucleus in m/s. (5)












3. For the SCC lattice, sketch the (010), (002), and (120) planes. Show why these are the correct Miller indices of the planes you sketch. (15)
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4.  Find the angle between these planes: (110) and (111) in an SC crystal. (10)

















5.  Given a rectangular lattice with one side 3 times the length of the other side, lengths a and 3a. Take the longer side along the x-axis.
a.  Find a non-orthogonal lattice plus basis with 1 atom per unit cell.  Sketch the lattice and translation vectors and write the translation vectors in vector notation.(10)



















b.  Instead, describe the lattice as an orthogonal lattice plus basis with 2 atoms per unit cell.  Sketch the lattice and translation vectors and write the translation vectors and basis in vector notation. (10)


















6. Given a 2-atom/cell 2D rectangular lattice with one side 2 times the other side, lengths a and 2a. Take the longer side along the x-axis. Assume atom A is at the origin and atom B is along the x-axis, 1/3 of the way along that side.
a.  Sketch the lattice and primitive translation vectors and write the translation vectors and the basis in vector notation. (10)
















 b.  Find the reciprocal lattice, sketch the lattice and reciprocal translation vectors, and write out the translation vectors in vector notation. (10)














c.  Find the structure factor of the lattice. Use form factors fA and fB. (10)
















d.  Find the maxima in the structure factor and the conditions for those situations.(10)









7.  For the 2D lattice of problem 6, assume that atoms A and B are the same. Find the packing fraction. (10)















8. You want to probe a crystal with lattice spacing of 3.00 Å using diffraction. Assume your probe beam has a wavelength of 1.75 Å. Find all the angles that will yield a diffraction peak. (15)



















9.  Given a 2D NaCl ionic lattice. Find the cohesive energy per ion pair. Take a=1.50, use values for the 3D crystal otherwise. (20)
























10.  For a 3D rare gas lattice with these values: e=5.00 meV, s=3.00 Å, [1/(pij)]12=11, [1/(pij)]6 =13
a. Find the equilibrium separation in Å. (20)



























b.  Find the total energy of a mole of atoms in eV. (10)
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