PHY455

Spring, 2016
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 wherever possible unless otherwise stated.
Show your work.
1.  For the following lattice planes with respect to an SCC lattice, find the Miller indices of the planes. (Use the coordinate system given below.)
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2.  a.  Given a plane with Miller index (110) referenced to the SCC primitive vectors, what would be the indices referenced to an FCC lattice? (See FCC figure.)
b.  Given a plane with Miller index (100) referenced to the SCC primitive vectors, what would be the indices referenced to the BCC lattice? (See BCC figure.)
3.  Find the packing fraction of the SCC lattice.

4.  Find the (areal) packing fraction of a rectangular lattice with one side twice the length of the other side.

5.  Describe the SCC lattice as a lattice with a basis and lattice constant a for which the lattice vector in the y-direction has length 2a. Give the lattice vectors and the basis in vector notation.
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6.  Find and sketch the 1st and 2nd Brillouin Zones for a square reciprocal lattice.

7.  Given a 2D hexagonal lattice with lattice constant a. 
a.  Sketch the lattice and include a coordinate system and give the conventional primitive cell unit vectors in vector notation.

b.  Calculate (using vector algebra) the area of the primitive unit cell.
8.  Given a 2D square crystal with lattice constant, a and a 2-atom basis of atom (A) at a vertex and atom B halfway between 2 A atoms in the x-direction.

a.  Sketch the lattice and include a coordinate system.

b.  Describe in vector notation the lattice plus a basis.

c.  Using vector algebra, find the reciprocal lattice in vector notation (hint: you can treat 
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d.  Find the structure factor of the lattice assuming form factors of fA and fB.(assume fA > fB)

e.  Plot the relative intensities of diffraction peaks in as a function of mx integers. Provide quantitative info interms of fA and fB.
f.  If the form factors are the same (= f) plot the relative intensities of diffraction peaks vs. x integers.

g.  Discuss (briefly) the significance of the results of part f.

9. Assume the number density of an atom is given by:
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Find the form factor in terms of G. A, and ro.
10.  For a 3D hexagonal lattice (not hcp), find the ideal c/a ratio and calculate the packing fraction based on this. (Hint: you can use one of the results of problem #7.)
11.  Assume an incident beam with wavelength of 1.50 Å, and a crystal lattice with plane separation 3.00 Å. Find all the Bragg angles that will result in a diffracted beam.
12.  Using the experimental value of 
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, calculate the cohesive 
energy of argon in eV/atom.

13.  a. Calculate the (total) energy per ion pair of NaF.

b.  Now, assuming a 1D chain of NaF ions, calculate the energy per ion pair of NaF. Assume the same nearest neighbor separation and other relevant values from the 3D crystal structure. 

c.  Discuss (briefly) any differences and whether they make sense.
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