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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.

 
1.  For positron diffraction in a crystal with lattice constant 3.5 Å, find the appropriate energy of the beam in eV and the speed in m/s. (10)






















2.  Starting with a simple cubic lattice of lattice constant, a, add a second atom 1/3 of the way along a body diagonal.
a.  Find the packing fraction of this lattice. (10)















b. Describe the crystal as 3D SC structure plus a basis. Give lattice vectors and basis with appropriate notation. (10)











c. Assume the two atoms in a cell are different with forms factor fA on the corner and fB on the body diagonal. Find the structure factor of the crystal. (10)















3.  Sketch the 1st and 2nd Brillouin Zones for a square lattice. (10)












4.  SrTiO3 has what is known as the ideal perovskite structure. Sr atoms are at the corners of cubes, titanium atoms are at the body center positions, and oxygen atoms are at cube face centers. 
a.  Sketch a unit cell. Label the atoms. (5)




















b.  Write down a set of primitive lattice vectors plus basis (indicate which atoms are which). (15)


















5. For the SCC lattice, sketch the (002), (0-10), and (110) planes. Show why these are the correct Miller indices of the planes you sketch. (15)
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6.  Consider a 2D side-centered rectangular lattice with one side 3 times the length of the other side. Take the short side lattice constant as a and consider the long side to run in the x-direction. Atom A is at the corner; atom B is halfway along the long side of the rectangle.
a.  Sketch the lattice including a coordinate system and give the lattice vectors and basis in vector notation. (10)












b.  Find the packing fraction of the lattice assuming the A and B atoms are the same size. (10)















c.  Use vector algebra to find the reciprocal lattice vectors. (10)
















e. Find the structure factor assuming form factors of fA and fB. (10) 









f.  Find the conditions under which the structure factor is a maximum and a minimum and give those structure factors. (10)












7.  X-rays are scattered from an SC lattice in the (111) direction. For an incident beam with wavelength, 4.00 Å, only reflections at 13.5o, 27.8 o, 44.3o and 68.7o are found. Find the lattice constant of the crystal (not the d spacing). Show that other reflections are not allowed. (20)
























8.  Find the Madelung constant for a line of 11 ions spaced a apart. Compare to the value for the infinite array. Assume a – ion is in the middle. (10)














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






Do not use the nearest neighbor distance or  given in Table 4, only .
Compare to the experimental value. (30)


























10.  Assuming a 1D chain of RbF ions, calculate the energy per ion pair of RbF. Assume the same nearest neighbor separation and other relevant values for the 3D crystal structure. (20)
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