PHY455

Spring, 2015

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.  Given a 3D crystal composed of a square basis of sides 2.50 Å (x and y directions) with the squares stacked by 4.00 Å (z direction):
a.  Write down a set of lattice vectors in vector notation. 

b.  Do your lattice vectors describe a primitive unit cell?  Explain (briefly).

c.  Use the lattice vectors from part a. to find the volume of the unit cell.

d.  Calculate the packing fraction.
2.  Given a 2D rectangular lattice of atoms with sides 2.00 Å (x-direction) x 3.00 Å (y-direction).
a.  Sketch the lattice.

b.  Write out 2 sets of primitive lattice vectors for the lattice in vector notation.

c.  Write out 2 sets of non-primitive lattice vectors in vector notation.

d.  Find the area of the primitive cell using vector algebra.

e.  Find the packing fraction.

3.  For the lattice in problem 2, 

a.  Find and write in vector notation the reciprocal lattice vectors.

b.  Sketch and label the reciprocal lattice and sketch the 1st and 2nd Brillouin Zones.

c.  Find the structure factor of the lattice formed from the primitive cell. Assume a form factor of the atoms of fa. 

d.  Now add different atoms (form factor fb) to the midpoints of each long side of the rectangular lattice. Sketch the new lattice. 
e.  Write the basis vectors assuming a 2-atom basis.

h.  Find the structure factor for this lattice.  

4.  Assuming a simple cubic lattice, for the following Miller indices, find the intercepts with the lattice vectors of the primitive unit cell and sketch the indicated planes:
a. (0 0 2)
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b. (1 1 0)
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c. (3 1 1)
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5.  A set of diffraction measurements with an x-ray beam of wavelength 2.00 Å incident on a single crystal produces peaks at the following angles: 27.3o and 63.6o. Find the spacing between the relevant atomic planes.

6.  Calculate the theoretical cohesive energy in equilibrium in eV/atom for Ar in an FCC structure. Compare to the experimental value. (Hint: this does not have to be a particularly long solution).
7.  Sketch a Lennard-Jones potential curve vs. separation and indicate the dependence on R at the extremes.

8. For a 1D chain of LiF ions, calculate the cohesive energy per ion pair. 
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