Solid State Physics Homework 1
Dr. Colton, Winter 2012
Assigned Wed, 4 Jan 2012; due Wed, 11 Jan 2012 at 5 pm
1. Kittel 1.1

2. Kittel 1.3

3. Prove that the three packing fractions given in Table 2, pg 10, are correct.

4. Prove that in cubic crystals such as sc, bcc, and fcc, the [hkl] vector is perpendicular to the (hkl) plane.
5. (a) The vector 
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 is a lattice vector of the bcc lattice. The primitive lattice vectors for bcc are given in Fig 10. Therefore 
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 must be able to be expressed as a linear combination of the primitive vectors with integer coefficients. Find the coefficients. (b) 
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 is also a lattice vector of the fcc lattice. Repeat for fcc. (The primitive lattice vectors for fcc are in Fig. 11.)

6. (a) In a simple cubic crystal, there are 24 possible rotations that leave the crystal unchanged. (That’s including the “don’t rotate at all” operation as a rotation.) Find them. Specify the axis about which you are rotating the crystal, as well as the angle by which you are rotating it. Hint: Think about how you can rotate a solid black cube in ways that would get it back to a position which would be indistinguishable from the original position. Hopefully you can see why that gets the answer to this question. There are three main types of axes, which yield 9, 8, and 6 different possible rotations respectively. (Side note: these 24 rotations are only half of all of the “point group” operations for this crystal. There are other operations which involve reflections, an inversion, and reflections/inversion combined with rotations.) 
(b) Do fcc and bcc crystals share all of those same symmetries, or do they have fewer rotations? If you can see an easy answer to this question, feel free to simply explain your logic.
7. (a) Write down positions for the 8 atoms in the conventional unit cell for the diamond structure, in units where a = 1. There isn’t a unique choice as to which atoms you use, but if you look at Figure 23, page 17, you need to be sure to include: (1) one of the corner atoms, (2) half of the face-centered atoms, and (3) all of the interior atoms. (Make sure you understand why.) Label those eight sites A through H.
(b) If a material has a “center of inversion”, that means there is a point in the unit cell about which you can invert all of the atoms and have them end up back at the site of an atom prior to inversion. For diamond, this would mean that the 8 unique atoms in part (a) must end up on 8 unique sites. If some of those sites are in neighboring unit cells, it’s OK as long as, for example, two atoms don’t both land on “G” sites. Prove that the point (1/8, 1/8, 1/8) is a center of inversion for diamond. Hint: To understand what inversion means in this context… if you were inverting about the origin, the point (1, 2, 1) would turn into the point (-1, -2, -1). If you were inverting about (½,½, 0) though, the point (1, 2, 1) would turn into (0, -1, -1).
(c) Does the zinc-blende structure have the same center of inversion? Explain your answer. 
8. Browse over to Wikipedia’s article on space groups: http://en.wikipedia.org/wiki/Space_group.  Take a look at the Notation for space groups section, and the Classification systems for space groups section. The number of different conventions is dizzying! You don’t have to write anything for this problem, except to say that you looked over the Wikipedia article.
9. As mentioned in class and in the Wikipedia article, there are 230 different space groups. That’s for repeating patterns of atoms in 3D. If you have a two-dimensional system, though, like a sheet of carbon atoms in graphene, you have to restrict yourself to repeating patterns in 2D. I found the Wikipedia article on 2D space groups, also called the “wallpaper groups”, to be very interesting: http://en.wikipedia.org/wiki/Wallpaper_group.  (And it has pretty pictures!) There are only 17 such groups, and any repeating pattern with translational symmetry in two-dimensions can be categorized into one of those 17 groups. 
Graphene is a single layer of graphite, and looks like the figure. In which space group does graphene fall? Justify your answer. 
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Image credit: http://www.jameshedberg.com/scienceGraphics.php?sort=all&id=graphene-sheet-lattice
10. On the next page there’s a template for the Wigner-Seitz primitive unit cell of a bcc lattice which I got from Dr. Peter Yu, my professor at Berkeley when I took this class. The numbers indicate directions; the letters also represent directions, but you can ignore them for now; I’ll explain the letter notation in a later chapter. Construct a cell by cutting on the solid lines, folding carefully on the dashed lines, and taping the joints. Hopefully once it’s constructed, you can visualize how an infinite number of these cells could fill all of space. You don’t have to write anything for this problem, except to say that you built your cell.
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