Problem 1. [Total of 55 points] The structure below is a 2D crystal. It includes two
types of atoms, indicated by filled and open circles. (The atoms have spherical
symmetry.) On the figure:

[5 points] Place an x at the positions of the lattice points.

[5 points] Identify a set of primitive lattice vectors for the crystal.

[5 points] Identify a primitive unit cell.

[5 points] How many atoms are in the primitive unit cell? 0

[5 points] Which plane group describes the symmetry of this crystal? PUHgGw

[5 points] Identify the asymmetric unit for this crystal.

[5 points] Give the Wyckoff letter for the positions of the atoms indicated by

filled circles.

[5 points] Give the Wyckoff letter for the positions of the atoms indicated by open

circles. <

i. [5 points] Based on the International Tables, at which reciprocal lattice points hk
will the atoms indicated by open circles give contributions to the x-ray diffraction
pattern?  ho: h=2zn, OR: kz=2n et hk:hvk = 2n

j. [5 points] Based on the International Tables, at which reciprocal lattice points hk
will the atoms indicated by filled circles give a contribution to the x-ray
diffraction pattern? V1 0: h=2wn Ok: kRz2n

k. [5 points] On the blank page following the plot of the atoms, define the unit

vectors e, and e,. Draw the reciprocal lattice vectors a* and b* and place a dot

at each reciprocal lattice vector. Now place an X at each point for which you
expect to see a spot in the x-ray diffraction pattern.
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2. [5 points each] Complete the stereographic projections for the point groups shown
below using the given direction as one of the directions that is equivalent by symmetry.
Enumerate all the symmetry elements of the point group.
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Problem 3. A crystal is known to have the point symmetry shown below.
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[15 points] What is the structure of the diffusivity tensor for this material? Justify your e /f; nd

answer with a mathematical argument involving,coordinate transformations. N qu
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Problem 4. [5 points] What is the stress vector and how is it related to the stress tensor?
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Problem 5. [5 points] Along which direction do the planes (111) and (123) intersect? g
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Problem 6. [5 points] The x-ray diffraction pattern from a quasicrystal is shown in the
image below. Based on our discussions in class, what is unusual about this diffraction

pattern?
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Problem 7. [5 points] In class, we derived the condition that construc:ti‘ve interference
yielding a bright spot in an x-ray diffractio_n patteﬁl will be obsewgd whe?eyer Aq=G,,
with Aq the scattering vector and G,, a reciprocal lattice vector. We also derived the
Bragg conditions for scattering n) =2dsin6, with A, the wavelength of the x-rays, d the

spacing between planes, and 8 the scattering angle defined in the ﬁgure.“’E%{plain how
these two conditions are the same.
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