PHY455

Spring, 2017
Exam #1

Name

_______________

Total

_______________
All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All answers should be given numerically to 3 significant figures wherever possible unless otherwise stated.
Show your work.
1.  a.  Sketch the hexagonal plane with coordinate system and write out the lattice vectors of the hexagonal lattice with in-plane lattice constant, a, and plane-to-plane lattice constant, c.

b.  Using vector algebra, calculate the volume of a primitive unit cell of a 3D hexagonal lattice.

c.  Find the maximum packing fraction of a hexagonal lattice. (HInt: what should c be?)
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2.  Consider a side-centered cubic lattice which is an SCC lattice with extra atoms bisecting each side (see Figure-the atomic positions are only shown for the front face-same on all other faces). 

a.  Describe the lattice as an SCC lattice with basis (give lattice vectors in vector notation) and basis. Assume a cubic lattice constant of a.

b.  Find the packing fraction of the lattice.

b. Given your result, do you expect this is a common lattice type? Why or why not?

3.  Consider a 2D square lattice with lattice constant a. One type of atom (form factor fa) is on the lattice sites. Another type of atom (form factor fb ) is in the center of the square.

a.  Sketch and describe the lattice as a square lattice plus basis (give lattice vectors and basis). Include a coordinate system.
b.  Write down or find the reciprocal lattice (in vector notation).
c.  Find the structure factor for the lattice.

d.  Examine the structure factor for the cases of all n even, all n odd, or one of each.
4.  Using vector algebra, find the first vector (b1) of the reciprocal lattice of the FCC real space lattice.
5.  Given x-ray scattering from an SCC lattice. For an incident beam with wavelength , 4.00 Å , only reflections at 41.8o and 70.5o are found. Find the lattice constant. (Suggestion: construct an appropriate table.) Show that other reflections are not allowed.
6. For the SCC lattice, sketch the (010), (002), and (011) planes. Show why these are the correct Miller indices of the planes you sketch.
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7.  Given plane with Miller indices (002) and (111) referenced to the SCC primitive vectors, what would be the indices referenced to an FCC lattice? (See FCC figure.)

8.  Calculate the cohesive energy in Joules of a 1.00 cm3 crystal of Ar assuming an FCC structure. Compare to the experimental value from Table 3-1.
9.  Calculate the energy per ion pair of RbCl. Assume a CsCl structure.
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