Physics 601

Midterm

October 23, 2015
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The five problems are worth 20 points each.
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1. Temperature-Dependence of the Bragg angle for Al. At 300 K, Al has an
fce structure with a lattice constant of 0.405 nm. The coefficient of heat
expansion for Alis o =25x 10° K. Aluminum is studied with Cu Ky
radiation which has a wavelength of A =0.154 nm. Let's now investigate the
change AG in © due to the change in temperature from 300 to 600 K.

(a) Derive the expression for AB intermsof O |
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(b) Forthe (111) reflection, evaluate AG .
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2 a) What is the n=1 Bragg angle for reflection from the (11§) planes in bcc iron

(cube edge =2.91 A) for an X-ray wavelength of A =154 A? (9
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i b) Please calculate the density of bcc iron. You can take the atomic weight of
Fe to be 56 and Avogadro’s number N = 6.02 x 10> mol™".
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3. Please consider a monolayer of element X that is a two-dimensional array of
X atoms in the fcc (100) surface. The cubic lattice constant is 4 A.

a) Let us suppose that the phonon dispersion for this layer haé the @
form ('«‘kg . What is the phonon density of states 3(\») for this 2-d solid?
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b) The speed of sound in bulk X isc= 5x 10% m/s, and let's assume that this
value is also appropriate for our monolayer. What is the Debye temperature for
this X monolayer? 5
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c) Using a Debye approach, please determine the temperature-dependence

of the specific heat, c,(T), at low temperatures for this layer (you don’t have 5

to solve for all the coefficients and can leave them as definite integrals that

are equal to constants). Wp
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d) Sketch the specific heat of the monolayer of X as a function of temperature, @
indicating important temperature scales. '
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the Fermi sphere in k-space as a function of n where n is the electron

4. a) Using a free electron model, please derive an expression for the radius of @
concentration.
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b) Monovalent Cu crystallizes in a fcc lattice with reciprocal lattice vectors

A=2w/a(1,-1,1)
B=2wa (1, 1,-1)
C=2va (-1,1,1). _
Do,
By determining the distance between the Fermi sphere and the Zone face, please

give an argument, within the nearly free electron model, for why fcc Cu is
expected to be a good metal.
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c) Please repeat the same calculation for divalent Zn in a fcc lattice. Discuss the
expected electrical behavior based on the nearly free electron model.
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5. Please answer the following conceptual questions.

a. What additional information would you request to determine whether a @
diffraction pattern is due to the scattering of charged particles or by
electromagnetic radiation?
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b. Vacancies are missing atoms in an otherwise near-perfect crystal. Since @
they create disorder and increase the entropy, vacancies are always present

at nonzero temperatures. How would you expect the X-ray diffraction of a
crystal to change due to presence of a small number of vacancies?
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c. What is the physical origin of the electronic gaps in the nearly free @

B electron model? Please explain.
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d. What are quasicrystals and why was their discovery so controversial? @
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e. Please explain how “anti-Bragg” scattering is used to monitor surface growth
in samples.
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