Homework Solutions 2, PHY4905
Due Wednesday (due to holiday), January 22, 2014

Kittel, Chap. 2, problems 1 and 2
[image: image1.jpg]1. The crystal plane with Miller indices hk{ is a plane defined by the points ai/h, ar/k, and a;/£. (a)
‘Two vectors that lic in the plane may be taken as ay/h — ayk and @, /h—2,/£. But cach of these vectors
gives zero as its scalar product with G = ha, +ka, +£a; , so that G must be perpendicular to the plane
hKZ. (b) If fi is the unit normal to the plane, the interplanar spacing is fi-a/h. But i=G /|G|,
whence d(hk() =G--a, /h|G| =27/ | G|. (¢) For a simple cubic lattice G = (27t/a)(h& +k§ + (),

whence

2.(a) Cell volume a,-a;xa; =|->3a a0

(©) Six vectors in the reciprocal lattice are shown as solid lines. The broken
lines are the perpendicular bisectors at the midpoints. The inscribed hexagon
forms the first Brillouin Zone.





2.) In problem 1, you have found the interplanar (d) spacing for simple cubic.  Polonium, chemical symbol Po, is simple cubic and has a lattice parameter of 3.359 Ǻ (this is the distance between Po-Po nearest neighbors, i. e. this is the lattice parameter for the primitive cell, not some larger conventional cell).  Using the Bragg law for first order reflections (n=1), (=2dsin(, and copper K( radiation with (=1.54 Ǻ
a.) list the first (lowest angle) six reflection d-spacings and the associated Miller indices, (hkl), 
dhkl for (hkl)=100, 110, 111, 200, 210, 211   d = a/(h2 + k2 + l2)1/2 = 3.359 Ǻ, 2.375 Ǻ, 1.939 Ǻ, 1.6795 Ǻ, 1.502 Ǻ, and 1.371 Ǻ respectively

b.) list the corresponding ( angles for these first six reflections. 
(=sin-1 ((/2d) = sin-1 (0.77/3.359 Ǻ, 2.375 Ǻ, 1.939 Ǻ, 1.6795 Ǻ, 1.502 Ǻ, and 1.371 Ǻ respectively) = 13.25o, 18.92o, 23.40o, 27.29o, 30.84o, 34.17o respectively
4.) Kittel, Chap. 2, prob. 5.
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Referred to an fec lattice, the basis of diamond is 000; . Thus in the product
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S(v,v2v3) = S(fec lattice) xS (basis) ,
‘we take the lattice structure factor from (48), and for the basis

I

S (basis)=1+¢ =

Now S(fec) = 0 only if all indices are even or all indices are odd. If all indices are even the structure factor
of the basis vanishes unless v, + v, + v; = 4n, where n is an integer. For example, for the reflection (222)
we have S(basis) = 1 + e %= 0, and this reflection is forbidden.





