MSE 102, Fall 2009 Midterm #1

Write your name here: o 0 l wtions

Instructions:

Answer all questions to the best of your abilities. Be sure to write legibly and
state your answers clearly.

The point values for each question are indicated.

You are not allowed to use notes, friends, phones, consultants, employees, etc.
There are a total of 100 points. You get 3 point for just showing up, the
remaining 97 you have to earn.

Feel free to ask questions, but only for clarification purposes.

This exam constitutes can contribute up to 20% of the points accrued toward your final
grade, as stated in the syllabus. Good luck. I sincerely hope you all do really well.

-Prof. Chrzan



(1) [5 points] Assume that a ray emanates from the center of the cube as shown. Suppose
that it changes direction, and as it moves it traces the path shown as a solid line on the
surface of the cube. Map the path onto the stereogram on the right using your
understanding of the stereographic projection. Label each segment of the path with the
number shown on the cube.
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(2) [5 points] A portion of a simple cubic lattice is plotted below. Use this plot to sketch
the plane that intersects the x; axis at 2, the x; axis at 1 and the x; axis at 1. Give the
Miller indices of the plane that you sketched.
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( 3!..) (3) A portion of a two dimensional crystal is shown above. The circles represent one
type of atom, the squares another.

(a) [4 points] On the figure above, identify a set of primitive lattice vectors. Draw a dot at
each lattice point.

(b) [4 points] Indicate the point 00 (place this in the upper left hand corner for
convenience) and identify the point 13.

(c) [4 points] Draw the direction [2}].

(d) [4 points] On the figure above, identify a primitive unit cell.

(@) [4 points] How many atoms (total, irrespective of type) are associated with each

primitive unit cell? (a Shinnit o ¢ SfDM-a.r& + 2 civcle

(A) [4 points] Identify the plane group name and/or number describing the symmetry of
D pimg -~ Ne. 7

(3 [4 points] Give the Wyckoff letter corresponding to the atoms represented by circles.

QA
(la [4 points] Give the Wyckoff letter corresponding to the atoms represented by squares.

a



(4) A 2-D crystal has an atomic scale structure described by the symmetry group pg
(plane groyp No. 4). The lattice parameters are a=x and b=2n. There are atoms at
Wyckoff position(s) a with x=y=1/4.

(a) [5 points] Find the primitive reciprocal lattice vectors and give and define Gy in
terms of integers / and £ for all the reciprocal lattice vectors of this lattice.
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(b) [5 points] On the attached graph paperkplot the reciprocal lattice points using an X .
Label the points 00 and T2.

(¢) [5 points] On the same plot, indicate the reciprocal lattice spots that will correspond to
the bright reflections during an x-ray diffraction experiment using an Q.
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(5) [5 points each] Complete the following stereograms. Indicate all symmetry elements
on the stereogram (no need to list them explicitly), and which points (directions) are
equivalent by symmetry. Pick a point that does nof lic on a symmetry element.




(6) Two coordinate systems, describing a primed and unprimed frame, are defined by the
unit vectors:
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Here, e,.e ,and e, are the unit vectors of the Cartesian coordinate system.

(a) [S points] Give the matrix a that transforms from the unprimed frame to the primed
frame: 0, viete Hank i = 2:'_- g - Tweve Sove
~-

? S g

A (A =
Q = \E
= 3 1

7}_ V2

£ 4
BN - . :
(b) [5 points] Give(using Einstein notation and the definition of the matrix a as the
matrix that transforms from the unprimed to the primed frame) the general equation that
transforms a second rank tensor in the primed frame into the unprimed frame.

{
T;' = th GQJ Thﬂ

(b) [S points] In the primed frame, a certain second rank tensor has the components:

0 0O
o'=|0 0 0|
0 01

Transform this tensor to the unprimed frame defined by the unit vectors given above.
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