Physics, Solid State Physics 

Year 4 

Packing, calculation of density etc 

--------------------------------------------------------------------------------

Dear Umut Oltulu (OTA #104690)

I do not know how to show this problem exclusively to you but I just put your name on tope instead.  If you can help me with these problems please call me at 318 243 3940.  I will call you back so that you do not encounter any additional expenses.  Since I need to be able to explain how to solve these problems and since I cannot read the textbook because I am legally blind it is best for me to talk to you in order to understand the material and to be able to present it in a proper manner.  Please write very clearly so that I can read the material well.  Please be very detailed especially in math because my mathematical skills are very weak.  All the problems I need to know how to solve are on the attachment.  Please only solve problem 3 on the attachment.  .      

I thank you so much for your support. 

Very sincerely, 

Thomas Hahn
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1. The primitive translation vectors of the hexagonal space lattice may be taken as:
m=Lhe (2)y,
2
\/ga a
=)+ (2)y;
(Sx+(5)
A3=CZ

Calculate the primitive cell volume. Show work for full credit.

(HINT' Vel =a1 22X 23)

Answer only 3 of the following 4 questions!

Close Packed Crystal Structures (25 Points)
2. a-Ti has an hep structure with lattice spacing a=2.95Angstrom and c=4.60Angstrom

B-Ti is fec with a cubic lattice spacing of 2.95 Angstrom.
(a) What is the density of the two forms? 68D (20 Points)
(b) What is the difference in density between the two forms? ( 5 Points)

Interplanar Separation (25 Points)
3. Consider a body centered cubic lattice with each.edge of length a,.

(a) A set of (hy ki 1) planes have interplanar spacing d,. The interplanar spacing, d,, is three
times d; (note: d, is the interplanar spacing of another set of planes named (h; k; 1,)). Define (h,
ki 1) and (hy k; L) (15 Points)
(HINT: For the bec lattice type, if h+k+l is even, then S=2f

ifhtk+ is odd, then S= 0)

(b) Using either the vector cross-product or the vector dot-product,
show that (h; k; 1,) is parallel to (h; k; 1) (10 Points)
(HINT. h2=1/3 hl; kz=1/3 k1; 12:1/3 11)




[image: image2.png]Unit Cell and Reciprocal Lattice (25 Points)
4. Consider the crystal structure below (typical for copper oxide layers in high T,

superconductors). The distance between the filled circles is a. For simplicity, assume that in the
third dimension, the CuO, layers are stacked with spacing ¢. The layers have 4 fold symmetry
and the crystal structure is tetragonal.
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2O ®Ce0»
() Sketch/Overlay a unit cell and define the basis set of atoms (5 Points)
(b) Indicate set of three primitive vectors for the 3D crystal (10 Points)
©) Define the three reciprocal lattice vectors for this 3D crystal (10 Points)
Structure Factor Calculations (25 Points)
5. Zinc Blende structure is similar to the diamond cubic crystal structure. Zinc Blende

structures have a fec lattice with a two atom basis set (i.e. basis set comprised of a Zn atoms at
the origin and a S atom at the % Y% Y position).

(a) How many atoms are there in a unit cell of ZnS? (10 Points)

(b) Given, S; = Z i exp(iK -d j) -- where d; is the vector from the origin to the atom/ion
J

which occupies the atom position on the lattice. (15 Points)




